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FOREWORD

The U.S. Ai. v Medical Bioengineering Research and Development
Laboratory (USAMBR)L), Fort Detrick, Frederick, Maryland, has been conduct-

ing a research program since 1973 for the purpose of developing the scien-

tific data base from which water quality criteria for compounds unique to

the munitions industry could be determined. A water quality criterion (as

defined by the amended Clean Water Act, 1977) is a qualitative or quanti-

titive estimate of the concentration of a pollutant in ambient waters that,

when not exceeded, will ensure a water quality sufficient to protect a
specified water use. The criterion is a scientific entity based solely on

data and scientific judgment. It does not reflect considerations of

economic or technological feasibility. Currently, a water quality criterion

consists of two separate numerical limits, one for the protection of human

health and the other for the protection of aquatic organisms. These numbers,

when translated by the appropriate regulatory agency, can be the basis of

enforceable discharge or effluent limitations in a point source discharge

permit issued under the Clean Water Act.

Since a water quality criterion is to protect designated water
uses, a diverse, multidisciplined research program was developed by USAMBRDL

that includes "effects" studies on laboratory and domestic animals, wild-

life species, aquatic organisms, plants, and economically important crops.

In addition, extensive chemical and biological fate and persistence tests

are conducted to provide information on the behavior of a pollutant in the

aqueous environment. These kinds of dita are especiallv useful for making

site-specific translation of criteria into enforceable discharge limits.

This report represents a portion of the mammalian toxicology data

base being developed by USAMBRDL on materials related to the use and dis-

posal of nitrocellulose.
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EXECUTIVE SUMMARY

The effects ,i nitrocellulose (NC) after feeding for up to 2
years were studied in dogs, rats and mice. The concentration's of NC in
feed (on a dry basis) used in all studies were ( (control), 1, 37 and
10%. To determine whether observed effects were due to the NC itself or

merely due to the fibrous nature of the NC, a "cotton control" group fed
10% cotton linters, the raw material for NC, was included with each species.
Ancillary studies included a three-generation reproduction study in rats

and cytogenetics assay in dogs and rats.

Most observed effects were seen in both NC-fed and cc. on linter-
fed animals, so they were called "fiber effects." In general, NC acted as
if it were inert dietary bulk.

The only effect observed in dogs was a somewhat higher feed
consumption in the fiber-fed dogs. The increases were proportional to
fiber content. Rats and mice had similar effects. However, the rodents

fed 10% fiber (NC or linters) had a much higher apparent feed consumption
than the other groups because they removed some of the feed mixture from the

feeders and separated the feed itself from the fiber. In some cases they

even nested in the fiber. Rats fed LO% fiber had lower body weights than
controls, due to decreased fat, and lived somewhat longer.

Additional effects were seen only in mice. Some could not elimi-
nate the fibers through their gastro-intestinal tracts. These mice died

of intestinal impaction in the first weeks of the study. A number of
mice fed 10% fiber had transient hyperemia of the extremities, ascribed
to irritation from the fibers scattered about their cages. In month 9

there was a cluster of deaths of unknown cause(s) in the 10% fiber mice.
There were three times as many deaths in the 10% NC-fed mice as in the
cotton-fed mice. This is the only case in which the NC had a greater
adverse effect than the fibers.

Cytogenetics studies found no adverse effects in dogs and rats
fed NC for 24 months.

In the three generation reproduction study, the rats (sires,

dams and pups) in the 10% fiber groups were generally lighter than the
others. During the first two generations the 10% fiber pups had de-

creased survival to lactation, because the dam could not get enough nu-
trition from the feed-fiber mixture. The third-generation dams did adapt,
and had normal survival rates and pup weights.

xiii



T. INTRODUCTION

Under Contract No. IAD-17-74-C-4073, entitled "Munition Compounds

MaTmal lan Toxicity Stkrdy," we have performed a variety of studies, divided
into three phases. Phase 1, E'ffects of Acute Exposure, includes acute oral
toxicit\', primary skin and eve irritation, dermal sensitization, and dispo-

sition and metabolism studies. Results were reported in Progress Report No.

1.1 / Results on additional compounds plus in vitro mutagenic (Ames test)

studies were submitted as Report No. 6. 2 1 Phase II, Effects of Multiple

Exposure, includes subacute and subchronic toxicity, reversibility, immuno-

logie response, chemical-biological interaction, mutagenicity, and disposi-

tion and metabolism studies. Results were presented in a series of reports

on the compounds tested, trinitroglycerin (TNG),-- 2,4-dinitrotoluene (2,4-
%/9 5/ 6DNT) ,4 2,6-dinitrotoluene,/ and nitrocellulose (NC).- Phase III, Effects

of Life-Time Exposure, includes chronic toxicity, reversibility, reproductive,

cytogenetic, and metabolism studies. The results on 2,4-DNT and TNG were

submitted as Report Nos. 7 and 8.7,8/ This zeport contains the results of

studies on NC.



II. MATERIALS AND METHODS
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I. MATERTALS AND METHODS

Materials and mvthods employed in these studies are described

below.!
A. Anmals

L. Sources

Young, healthy beagles were bought from Hazleton Research

Animals (Cumberland, Virginia). Young healthy CD!rats and CD-l®mice

were bought from Charles River Breeding Laboratory (Wilmington, Massachusetts).

All animals were maturing. They were conditioned in our animal quarters
for at least 2 weeks.

2. Housing and Animal Husbandry

Dogs were kept in dog pens with outside runs. Up to 12 dogs

shared 60 sq ft of heated inside space and 120 sq ft of outside space.

Water was available continuously. Dogs were fed as described below

under feed measurement. Runs were cleaned daily.

Rats and mice were kept in plastic cages with hardwood chip

bedding, metal lids and filter tops. Bedding was steam-sterilized before

use and changed at least weekly. Cages, tops and water bottles were

steam-sterilized before use and changed weekly. Feed and water were

available at all times. Usually two male rats, three female rats, four

male mice, or four female mice were housed in each cage and differenti-

ated by earpunches. Some groups (especially male mice) were subdivided

to prevent fighting. The rodent quarters are fully air conditioned,

with 10 air changes per hour, maintained at 75 + 5'F and 50 + 10% relative

humidity. The room air is passed through filters to remove 99.9% of all
particles larger than 0.3 11. Lighting is controlled by a timer providing

12 hr on and 12 hr off.

All animals were observed daily for toxic signs and behavioral

changes and were provided medical treatment as necessary for nontest in-

juries under the supervision of our veterinary pathologists. The typical

case was injuries due to fighting, which may be treated by isolation,

cleaning the wounds, and antibiotic therapy, systemic and local.

I5
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B. Basic Protocol

1. Dose Levels and Treatment

We used two control groups and three treatment groups, with

the compound given in the feed to all three species. The treatment

groups received 1% (low), 3% (middle), or 10% (high) NC in feed, calcu-

lated on a dry basis. The normal control group received plain feed; the

second control group, called the "cotton control," received a diet

zontaining 10% cotton linters (cellulose linters, Military Specification

MIL-C-20330, Hercules, Inc., Wilmington, Delaware). This material is

nitrated to form NC. This second control group served to determine if

the passage of a non-nutritive bulk through the gastrointestinal tract

will cause any effects.

Diets for the dogs were prepared daily. Damp NC was mixed

with appropriate amounts of Champion Dog Food (kennel formula, Tri-Foods,

Inc., Concordia, Missouri) and water to produce a 10% NC mixture using a
Univex Model 1222 food mixer with a wire whip beater. Aliquots of this
diet were mixed with additional dog food to produce the 3 and 1% diets.

Linters were loosened from the bale with the wire whip, then mixed with

appropriate amounts of the dog food and water to produce the "cotton

control" diet (10% linters). The dog food was moistened to produce the

normal control diet. Extra amounts of these mixtures were prepared on

Friday and refrigerated for feeding over the weekend.

Diets for the rodents were prepared weekly. The methods were

similar to the dog feed, except that powdered rodent chow (Wayne Lab-blox®

Allied Mills, Inc., Chicago) was used and the mixtures prepared in a ro-

tating box on a modified cement mixer. Diets were refrigerated to prevent

spoilage of the wet mixture before it was given to the animals.

2. Number of Animals and Identification

Each group consisted of equal numbers of males and females. 'he

beginning number of dogs was six of each sex per group, of rats 32 and of

mice 58. An additional 20 female rats in each dosage group were included

for the three-generation study. A few extra rodents were added to replace

early losses. A separate group of rats, eight of either sex per dose group,
was begun 6 months later and used for the 1 year necropsy.

Each animal is assigned a three- to five-digit number. The first

two digits indicate the dosage groups for NC, i.e., 50, 51, 52, 53 and 54

for the cotton control, control, low, middle, and high dose groups, re-

sepectively. The last one or two digits (dogs) or three digits (rodents)

are the animal numbers within each species. Eight rats of each sex in each

dose group have prefixes of 40 through 44; these were originally intended

for a subchronic study, but were continued as part of the chronic study.

6



3. Schedule

a. Dog: All the dogs were bled from their jugular veins
for hematology and clinical chemistry tests before dosing and at the end
of 3, 9, 12, 18 and 24 months during dosing. The dogs were weighed

j weekly; their feed consumptions were measured . week each month. After
12 months dosing, one male and one female dog from each dosage group

were killed for necropsy. The treatment of a second pair was discontinued

for 4 weeks. These dogs were used on a recovery study and killed for

necropsy at the end of 13 months. After 24 months' feeding, two males
and two females from each dosage group were killed for necropsy. The

remaining dogs were used on a recovery study for 4 weeks and terminated

at the end of 25 months.

b. Rats: Four males and four females from each dosage
group were bled for hematology by cutting off their tail tips before dosing

and at the end of 6, 12, 18 and 24 months during dosing. As much as possi-
ble, the same rats were used at each bleeding. If a bled rat died or his
tail became too short, another rat was substituted. Rats were weighed

weekly for the first 6 months; after weight gain leveled off, they were

weighed biweekly. Feed consumption was measured during the first 4 weeks

and then during the last week of each month. After 12 months dosing, four

males and four females from each dosage group were bled from their aortas

for clinical chemistry and killed for necropsy. A second group of four

male and four female rats from each dosage group was started on a recovery

study without treatment for 4 weeks. These rats were terminated at 13

months. The later-starting rats were used for these two (12 and 13 month)

studies. After 24 months dosing, a similar recovery study was started and
the remaining surviving rats were killed for necropsy, with eight from

each group bled for clinical chemistry. The recovery rats were terminated

at the 25th month.

c. Mice: Mice were weighed weekly for the first 5 months;
after their weight gain leveled off, they were weighed biweekly. Feed con-

sumption was measured during the first 4 weeks and then for 1 week each
month thereafter. After 12 months dosing, four males and four females from

each dosage group were bled from their aortas for hematology and killed for

necropsy. A second group of four male and four female mice from each dosage
group was started on a recovery study. After 24 months dosing, a similar

recovery study was started and the other surviving mice killed for necropsy,

with eight mice from each dosage group bled for hematology. The recovery

mice were terminated at the 13th or 25th month, respectively.

7
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C. Test Compound

1. Preparation

We used military production NC from Radford Army Ammunition

Plant (Radford, VA). Originally, the NC was dipped from the poacher

pits (the last purification step, in which the NC is washed with several

charges of boiling water) and shipped to MRI in 55 gal. drums. As

needed, NC was removed from the drums and dewatered with a Buchner

funnel attached to a water aspirator vacuum pump. Later batches were

taken from the first press (the first step downstream from the poacher

pits, where drying begins) and did not require dewatering before mixing.

NC was always kept damp, except for small samples dried to determine

moisture content so that proper amounts of wet NC would be used to

provide the desired concentrations of NC in the feed mixtures. Unused

NC, feed mixtures, feces, and bedding were collected in closed metal

containers and burned in an open pit.

2. Nitrocellulose Studies

The "fines" of the NC were characterized physically and chemi-

cally. Results have been reported.-

3. Feed Assays

The procedure involves a wet titration using chromous chloride

as a reducing agent for the nitro groups.2l/ Radford Army Ammunition

Plant reports the Nitrocellulose Poacher Pit Fines to contain 13.08% ni-

trogen, we observed 13.0 + 0.1% nitrogen. The presence of rat feed

caused no interference with this assay method.

4. Mass-Balance Metabolism Study of Nitrocellulose

A dog was fed 90 g of wet nitrocellulose (27.9 g on a dry basis).

After 24 hr the feces were collected and analyzed. The feces (50.3 g wet

weight) contained 8.8 g of nitrocellulose. After 48 hr an additional 16.2

g feces contained 0.7 g nitrocellulose. After 72 hr an additional 9.3 g

feces contained 0.0 g nitrocellulose. After 96 hr an additional 23.4 g

feces contained 0.0 g nitrocellulose.

Over a 4-day period 9.5 g of NC were recovered. This represents a

recovery of 34%. I
a. Recovery study: The accuracy of our handling and assayI

procedure was determined. In the above work the percent nitrocellulose
per weight of feces after 24 and 48 hr was 17.4 and 4.3%. Accordingly

feces samples were spiked at similar levels. Thus, 2.1 g feces was spiked

with 62.6 mg nitrocellulose (3.0% spike) and 2.1 g feces was spiked with I
I



291.3 mg nitrocellulose (13.9% spike). After standing 24 hr at room
temperature the samples and a blank were freeze dried. The samples were
then transferred to 250 ml bottles, 100 ml dimethyl formamide added, fol-
lowed by homogenization for 2 min using a Polytron homogenizer. After
centrifugation aliquots were taken for assay by the method of Walter
Selig. 19/ From the 13.9% spike level a recovery of Q0% was observed.

From the 3.0% spike level a recovery of 92% was observed. The blank
sample required 0.0 ml titrant.

b. Comments on calculations: The assav procedure required
reduction of the nitro groups with chromous chloride, followed by titra-
tion of the excess chromous chloride with ferrous ammonium sulfate to a
colorimetric endpoint.

Our nitrocellulose contains 13.08% nitrogen. This corres-
ponds to 92.5% nitration (14.14% N is maximum). The formula for nitro-
cellulose is C6H7O2 (ONO2)x(OH)3_, where x is the degree of nitration.
Our 13.08% nitrogen content corresponds to a 2.775 degree of nitration

(3 x 0.925). Therefore, the average molecular weight of the nitrocellulose
monomer is 286.8 and the molecular weight of the (OZ002)x group is 172.05.
Thus, 1 mg of this nitrocellulose corresponds to 0.6 mg ONO2. The concen-
tration of NC in a sample can now be calculated using the following rela-
tionships.

mg of NC present = y mg ON02 x -- 1 mg NC x dilution factors
0.6 mg ON02

where y = (A-S) D
A-B

and A ml Fe2 (SO4) 4 (N14 )2 to titrate blank

B = ml Fe2 (SO4 )4 (NH4)2 to titrate standard ON02 solution

S ml Fe2 (SO4 )4 (NH4 )2 to titrate sample

D = mg ON0 2 present in standard ON0 2 solution.

iI
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D. Procedures

1. Observation

All animals were observed daily for toxic signs and changes in

behavior and general health.

2. Body Weights

Body weights were taken as mentioned above. Dogs were weighed
to 0.1 kg, rodents to 1 g.

3. Measurement of Feed Consumption

The feed consumption of the dogs was measured by placing them

in a metabolism cage, giving them a measured amount of feed, waiting 0.5

hr, then returning them to their pen and estimating the remaining amount
of feed by volume. This value was converted to weight by a factor

determined by averaging the weight of 20 replicates of volume measurements.
Feed consumption of the rodents was determined by weighing the feed and

container placed in the cage and that remaining I week later.

4. Unscheduled Deaths

If an animal appeared moribund, he was killed and necropsied

as described below. If an animal was found dead, he was necropsied as
thoroughly as possible, but no blood samples or organ weights were

taken. If an animal received a serious injury or lesion, causing pain
and suffering (such as an ulcerated tumor), he was killed and necropsied

as if moribund.

10



E. Hematology and Clinicil Chemistry

1. Hemato lio

The hematology battery included erythrocyte, reticulocyte, leuco-
cyte and platelet counts, hematocrit, hemoglobin, erythrocytc indices,
methemoglobin, Heinz bodies and (for dogs) clotting time. Details of
methodology are summarized in Appendix I.

2. Clinical Chemistry

The clinical chemistry battery included fasting blood glucose,
serum glutamic-oxaloacetic transaminase, serum glutamic-pyruvic transaminase,
alkaline phosphatase, and blood urea nitrogen. Details of methodology
appear in Appendix I.

3. Immunoglobin E

Immunoglobin E (IgE), the allergic or hypersensitive antibody,
was associated with anaphylactic reactions in humans.91 Serum concentra-
tions of IgE were determined in all cliyical chemistry samples, using the
immunodiffusion technique of Mancini.-

4. Statistics

Data were analyzed using Dunnett's multiple comparison procedure
following an analysis of variance, as described in Appendix I.

F. Necropsies

1. Killing and Gross Examination

Rodents were killed with ether and dogs with an overdose of sodium
pentobarbital. The necropsy was performed as soon after death as possible.
Gross abnormalities in all tissues are observed and recorded.

2. Organ Weights

The brain, heart, liver, kidneys, spleen, gonads, and (dogs only)
adrenals, thyroids and pituitary were trimmed free from surrounding tissues
and weighed. The absolute weights and organ weight to body weight and/or



brain weight ratios were analyzed statistically. Abnormal growths were

measured and, if practical, trimmed and weighed.

3. Histopathology

Tissues routinely taken for histopathologic examination are
listed in Table 1. In addition, all tissues with gross abnormalities

were taken. Processing is detailed in Appendix I.

G. Recovery Studies

Recovery studies were performed after each scheduled necropsy

(12 and 24 months). The compound treatment of one male and one female

dog or four rodents of each sex was discontinued. They were given the

control treatment (feed without compound) for 28 days. During this

period, their weight and feed consumption were determined weekly. At

termination, blood samples were taken from the jugular vein of dogs or
the aorta of rodents for hematology and (except mice) clinical chemistry.

The animals were then killed and necropsied. Detailed procedures are as

given above.

H. Three-Generation Reproduction Study

i. Study Design

The study design is illustrated in Figure 1. The initial

groups of rats used as the parental generation (Fo) were started at the

same time as the chronic toxicity study. Rats of each group, parents

and offspring of each generation, received the same control or NC.-

containing diets as in the chronic study. For the Fo generation, 10

males and 20 females from each dosage group were mated after receiving

the test diets for 6 months. Each male was housed with two females from

the same dosage group for 14 days. Offspring from the matings (Fla,

first litters) were discarded at weaning. The Fo rats were again mated.
Twenty to 24 offspring of each sex from this mating (Fib, second litters)

were radonmly selected (with approximately equal numbers of pups from

the various litters) from each dosage group at weaning. The F0 females
and surplus pups were discarded; the F, males were retained in the

chronic study. Each Flb male was mated with a female within the same

dosage group for 14 days at 3 months of age. The F2a generation was

discarded at weaning and the Flb rats were terminated at weaning of the

F2b pups. The F2b rats were then selected and mated at 3 months of age
according to the same procedure used for Flb. The study was terminated

upon weaning of the F3b rats.

12



. E'valuation

At birth, all offspring were examined for gross physical

abnormalities and the number of live and dead pups of each litter were

recorded. Survival and body weights were recorded at 0, 4 and 21 days.

Reproductive performance for each parental generation was
quantified by: the mating ratio (the number of copulations to the

number of malefemale pairings), and fertility ratios for each sex (the

number of males or females with offspring to the number of that sex

mated). Reproductive performance for each litter was quantified by:

the litter size, the liveborn index (the percentage of the total number
of pups liveborn), the weight of liveborn pups at birth, the viability

index (the percentage of liveborn pups surviving to 4 days), the lactation

index (the percentage of the young alive at day 4 surviving to weaning),
the weight at weaning, and the sex ratio (the number of males to the

total number of offspring). Details of procedures appear in Appendix II.

The general health of the parental generation was quantified
by the weight at first mating.

1. Mutagenesis Studies

To assess the mutagenic potential of NC, we performed cytogenetic
analysis of tissue cultures from rats from the chronic toxicity study.

1. Preparation of Cell Cultures

At the end of 1 year, blood samples were aseptically drawn
from both cotton control and treated rats. Blood was obtained from the

tail vein of the rats. The lymphocytes were cultured by the method of

Moorhead et al..L_/ Bone marrow cells replaced peripheral blood lymphocytes

as a source of mitotic chromosomes in the 2year study. The use of bone

marrow cells rather than peripheral blood lymphocytes has several ad-
vantages. Chromosomes will be obtained not only from lymphoidal cells

but also from cells of myeloid, erythroid, and reticuloendotheloid

origin. Another advantage of bone marrow cells is that the culture time

is reduced from 72 hr needed in lymphocyte cultures to 24 hr and no
mitogenic agent is required to obtain metaphase chromosomes. Femur bone

marrow was removed at necropsy and processed by the method of Eggen;12/

bone marrow cultures were maintained in nutrient mixture F12 (HAM).

Kidney tissue samples were removed at necropsy, cultured by the trypsini-

zation method of Fernandes,l3/ and maintained in Eagle's medium as

modified by Dulbecco and Vogt.4/

13



2. Chromosome Analysis

Actively dividing kidney cultures, bone marrow cells, and

phytohemaglutin-stimulated lymphocytes were arrested in metaphase by short-

term colchicine treatment. The cells were removed from the culture flasks,

swollen in hypotonic solution, and processed for spreading on glass slides

by the method of Moorhead and Newell.-1 / Slides were stained with Giemsa

and scanned under low power optics. The slides showing minimum scattering

of cells were selected for analysis under oil immersion optics. Cell ploidy

was estimated by examination of 200 cells. Chromosomes were counted and

morphological aberrations were examined from photographic negatives of up

to 50 metaphase cells.

14
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TABLE 1

ORGANS ROUTINELY TAKEN AT NECROPSY

Thyroid and parathyroids Caecum
Pituitary 

Colon
Adrena Is Urinary bladder
Lungs Urete/

Liver and gallbladder Diaphragma/
Spleen 

Skeletal muscle
Heart 

Esophagus
Salivary glands Tonsilsa/
Pancreas 

Mesenteric lymph node
Thymus Tonguea/
Prescapular lymph node a /' Skin
Gonads 

Mammary gland
Uterus or prostate and Brain

accessory organs Spinal corda /

Stomach 
Sciatic nervea /

Duodenum 
Eyes

Jejunum 
Trachea

Ileum 
Rib and bone marrow

a! Not normally removed from rodents.

15
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F (10 males and 20 females from main study)

Fla Fib (10 or 12 pairs)

F2  F (10 or 12 pairs)

F3a F3b

Figure 1 - Design of Three Generation Reproduction

Study
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TIl DOG STUDI ES

Mot throbere sign were 2'yinjr u t ihig. Rcvr

The folloDing sections describe the results and interpretations

of the weog studies.

A. Observations and Toxic Sims

No toxic signs were seen in any of the dogs at any time. However,

a variet of non-treatment related problems occurred. For instance, in

Month 8, cotton control male (10% linters) No. 50-15 developed an abcess
in his jaw, which caused him to decrease feed consumption. The abcess was

drained, and antibiotic therapy resulted in rapid healing.

Most other observed signs were injury due to fighting. Recovery

usually occurred. During the cold of the first winter (about Months 10 and
11), there were a number of severe fights. The low dose (1% NC) male No.

52-21 and middle dose (3 NC) males Nos. 53-63 and 53-65 were kept isolated

in metabolism cages for several rom wounds nt theia. haled. The high

dose (10% NO female No. 54-70 in the recovery study after 12 months feeding
was found dead after the weekend of the third week of recovery, with many

cuts and bites all over her body. Control male No. 51-1 was a repeated

victim of bites. In Month 18, he was found bleeding again and died. Ne-
cropsy found punctures of tihe lung, liver and spleen.

The second winter (Months 22 and 23) was even more severe, with

over a month of continuous snow cover. The coldest day was a Sunday with

a high of -2F. The next day, we found ow dose male No. 52-17 lying in
the outside run, suffering from wounds and hypothermia. He lost conscious-

ness, then died. His terminal rectal temperature was 94.6F; normal is near
100'F. The next day, cotton control female No. 50-16 was similarly victim-

ized, but remained inside the building. She was less badl injured and re-
covered after the wounds were treated. After the weather improved, the

fights continued. Middle dose male No. 51-31 had a hematoma of the left

lower eyelid among other injuries, apparently without injury to the eye

itself. Low dose male No. 52-25 injured his left hind leg on the metal

bench in the run. High dose female No. 54-38 had a rectal prolapse in

Month 24. These dogs fought more than dogs in other studies. The fighting

occurred in all dosage groups.

B. Body Weight and Feed Consumption

The average body weights of dogs fed NC or linters are shown in

Figure 2; data from dogs fed 1% or 3% NC are omitted for clarity; some data

were missing. Weights of dogs varied, but there were no dose-related varia-

tions. Among males, the controls were usually the heaviest, and the middle-

dose dogs the lightest. Among the females, the cotton controls and controls
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were often slightly heavier than the other groups, but this was not con-

sistent. There is an overall trend to increasing weight in all groups,

reflecting both maturation and obesity. Notable were cotton control male

No. 50-9, with a terminal weight of 20.8 kg and middle dose female No. 53-

28, with a terminal weight of 15.2 kg. Both were quite obese.

Average feed consumptions are shown in Figure 3. Again, data

for dogs fed 1% or 3% NC are omitted for clarity. Overall averages are

given in Table 2. Dogs fed 10% NC or linters ate considerably more than

the control dogs. Dogs fed lower doses ate only slightly more than controls.

Considering the inherent variation in the measurement method (based on

visual estimation of feed left in the bowl) and the inconsistency between

the sexes, the difference of feed consumption between the 10% NC and 10%

linters groups is not considered to be toxicologically important.

C. Laboratory Data

Baseline values (two assays on each dog) of hematology and clini-

cal chemistry for male and female dogs are shown in Tables 3 and 4, re-

spectively. The following tables show the values for these dogs after

being fed linters or various doses of NC for 3 months (Tables 5 and 6), 9

months (Tables 7 and 8), 12 months (Tables 9 and 10), 18 months (Tables

11 and 12) and 24 months (Tables 13 and 14).

Before the start of the study, the only data significantly dif-

ferent from those related to the control dogs were some variations in the

differential lymphocyte counts of the middle dose and cotton control males,

a high mean corpuscular hemoglobin in the high dose males and a high count

of nucleated erythrocytes in some of the high dose females. These varia-

tions are all small and within normal limits (see Appendix T).

During the study, results were similar with occasional small and

inconsistent changes, within normal limits, of various parameters in various

groups. No abnormalities were dose-related, and none persisted. Therefore,

they are considered to be normal variations, not related to the NC feeding.

D. Pathology

1. Feeding for 12 Months

A few gross changes, not related to the NC feeding, were seen at

necropsy. The control male (No. 51-51) had several circular gray to white

spots on his lungs; he and the control female (No. 51-52) had roundworms.

The low dose male (No. 52-59) and the high dose male (No. 54-67) had some-

what discolored livers.

20



There were no apparent effects of NC feeding on the organ weights

(Table 15), although there were some variations among the individual dogs.

IHistopathological examination (Table 16) found a variety of

minimal to mild lesions in all the dogs and moderate thyroid hyperplasia

in the control and high dose females (Nos. 51-52 and 54-68, respectively)

and moderate thymus involution in the cotton control male (No. 50-55).

These lesions are typical of those naturally occurring in dogs of this age.

Since there were no effects related to NC treatment, the slides

from the low and middle dose dogs were not read, and the necropsy on the

recovery dogs was omitted after discussion with the technical monitor.

2. Feeding for 24 Months

A variety of minor lesions were seen on gross examination. Pitui-

tary cysts were noted in middle dose female No. 53-26 and cotton control

female No. 50-12. There were lung lesions in control male No. 51-3, low

dose male No. 52-21, middle dose males Nos. 53-25 and 53-27 and females

Nos. 53-26 and 53-28, high dose male No. 54-35 and females Nos. 54-34 and

54-36 and cotton control males Nos. 50-9 and 50-11. Foreign bodies in the

intestine included worms in control female No. 51-12 and a rubber glove in

low dose female No. 52-18. Low dose male No. 52-21 had "cherry eyes."

Middle dose male No. 53-25 had almost healed wounds on the right hind leg

and an ectopic spleen.

The absolute and relative organ weights (Table 17) had some varia-

tions between individual dogs, but no differences between dogs in different

treatment groups.

Histopathologic lesions (Table L8) included a variety of naturally

occurring lesions, usually mild. None of the lesions were related to the NC
feeding.

Because there were no effects from feeding NC for 24 months, the

necropsy on the recovery dogs was omitted after discussion with the tech-

nical monitor.

E. Discussion and Conclusions

The various effects observed from these dogs were consistent with

maturation and natural variation, except for the increased feed consumption.

Such an increase would be the expected outco e of the addition of nonnutritive

bulk to the diet. An earlier study in rats-- fround the C-labeled NC was

not absorbed. It is probable that this same nonabsorption and nontoxicity

would be observed in all nonruminant mammals.
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Table 2

AVERAGE FEED CONSUMPTION OF DOGS FED NC

Feed Consumption, g/dog/day

Dose (% in feed) Males Females

0 422 + 24 411 + 26
1 463 + 24 428 + 25

3 456 + 23 429 + 24

10 582 + 17 524 + 26

10 Cb /  514 + 17 492 + 21

a/ Mean + standard error of 22 monthly measurements.

b/ Fed 10% cotton linters.
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I
TABLE 15

ABSOLUTE ANO RELATIVE ORGAN WEIGHTS OF DOGS FED NC FOR 12 MONTHS

e rmi na.

Dose Hog body I.eigt Absolute Organ Weiht k'
(. in feed) N 0. kg Brain Heart Liver Kidney Splee Adrenal Pituitar' Thyroid Testis (,var\

r 51 !2.4 84.5 W01.0 385.0 62.9 78.0 1.03 0.0' 0.8) 13.7

C 52 10.(1 77.3 60.1 304.2 50.9 55.5 1.61 0.09 (.49 ".3t
1 59 13.1 80.9 107.7 401.7 65.6 53.5 2.15 0.09 O.22 19.2 I

I oL 10.6 94.9 91.8 302.1 57.3 135.8 2.14 0.08 (.8 '.2.

3 63 10.9 94.0 92.4 347.9 61.6 38.4 1.80 0.07 0.90 15.7

3 64 1:.u 90.4 92.6 400.6 53.3 37.3 1.69 0.06 1.07 1.62

10 67 9.t 7b.9 72.4 299.8 57.2 .4.4 1.88 0.09 0.90 22.6

0 66 9.7 85.6 72.1 333.2 63.0 75.7 2.17 0.07 0.74 2.88
IC C 

/  
55 11.8 79.5 83.9 346.9 67.6 66.6 1.39 0.06 0.83 19.2

30C 56 30.2 68.2 73.7 339.9 53.3 110.5 1.83 0.08 0.99 2.32

Dose Dog Relative Organ Weight (gRmkg body weight)

(1 in feed) No. Brain Heart Liver Kidney Soleen Adrenal Pituitary Thyroid lestis Ovary

0 51 6.81 8.15 31.0 5.07 6.29 0.140 0.007 0.071 1.10

0 52 7.73 6.01 30.4 5.09 5.55 0.161 0.008 0.049 0.136
1 59 r..16 8.18 3.7 5.01 4.08 0.164 0.006 C.093 1.47

1 60 6.7P 8.50 30.0 5.31 12.57 0.198 0.007 (.0OSI 0.115

3 63 8.70 8.56 32.2 5.70 3.56 0.167 0.006 0.092 1.45

3 64 7.60 7.78 33.7 4.46 3.13 0.142 0.007 0.090 0.136

20 67 S.22 7.54 31.2 5.96 4.63 0.196 0.00' 0.094 2.35

10 66 8.82 7.43 34.1 6.49 7.80 0.224 0.007 0.67t 0.297

10C 55 6.74 7.11 29.4 5.75 5.81 0.118 0.005 0.070 1.40

IOC 56 6.69 7.23 33.3 5.23 10.83 0.179 0.008 0.097 0.227

Dose DOc, Relative Org. Weight (gn/gm brain weight)

in feed) No. 'Heart Liver Kidney Spleen Adrenal Pituitary Thyroid Testis Ovary

0 51 1.195 4.56 0.744 0.92 0.0205 0.0011 0.0105 0.162

0 52 0.777 3.94 0.658 0.72 0.0208 0.0010 0.0063 0.0175
1 59 1.331 4.97 0.811 0.66 0.0266 0.0010 0.0151 0.217

1 60 0.967 3.18 0.604 i.43 0.0226 0.0008 0.0092 0.0131
3 63 0.983 3.70 0.655 0.41 0.0191 0.0007 0.0105 0.167

3 64 1.024 4.43 0.590 0.41 0.0187 0.0009 0.0118 0.0179

10 67 0.918 3.80 0.725 0.56 0.0238 0.0011 0.0114 0.286
10 68 0.842 3.89 0.736 0.88 0.0253 0.0008 0.0086 0.0336

i0C 55 1.055 4.36 0.853 0.86 0.0175 0.0008 0.0104 0.216

10C 56 1.081 4.98 0.782 1.62 0.0268 0.0012 0.0145 0.0340

a red 10 cotton linters.
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TABLE 16

SUMMARY OF LESIONS IN DOGS FED NC FOR 12 MONTHS

Dosage (% in feed): _ 0 10 __10C_ 
/

Dog No.: 51 52 67 68 55 56

Sex: M F M F M F

Lesions
b /

Lung
Peribronchiolitis I

Perivasculitis 1 1
Pneumonia 1

Liver

Hemosiderosis

Microfoci of mononuclear cells 1 1
Microgranulomas 1

Small Intestine

Roundworms (Ascarid) 1 1

Inflammation 1

Kidney
Microcalculi in medulla 1 1 1 1 1 1

Ovary

Mineralization I

Thyroid

Parafollicular cell hyperplasia 1 2 _ 1 2 1

Spleen

Hemosiderosis 1 1 1 1 1

Inflammation 1

Thymus

Involution 1 2 1

Axillary Lymph Node
Inflammation 1 1 1

HemosiderosLs 1 1Node

Mesenteric Lymph Node

Inflammation

Bone Marrow

M/E ratio 1. 3 1.3 1. 12 13 .2 i. 3

Tissues not listed were normal.

a/ Fed 10% cotton linters.

b/ Severity of lesions: 1 = minimal to mild; 2 = moderate; 3 = severe;
4 = very severe; + = questionable; X = present.
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TABLE 17

ABSOI TO AN! ((SLA'IIO ORGAN WIAti( 0 !WCS FL: ;1 Fa4 2.4 MONTHS

.erminal
Dose D, V 8od, keight A__.lu_ " Agi.r.'eight (gm)

kgfeed! N. (- Bra.r. Heort Liver i Em 'lee, Adren..I Pituitary Thvroid lesti Ovar%

2 1..4 4. I11.7 428.0 6.6 06.3 1.-1 0.06 1.8 2.21
1 .- ., 111.0 542. r0 10. 101.6 t.n7 0.11 0.6P 15.S
11J.,. - " 1(.h 506.8 sA.I 77.1 1.62 0.11 2.01 0.W

*" 15. , . 4 7.7 420.. 7.4 177.1 i.., 0.10 1.05 5.5

I9 10. el. 9.0 320.. 50.6 107.0 1.63 0.06 (W. 5 0. .
1i. 12.4 -.7 . 364.0 72.9 71.6 1.414 0.0 O.6 11.2

20 II. 70. 8t.. 438.6 56.0 48.6 1.50 0.08 0.76
21 17.4 96.2 135.7 591.6 b9.4 149.7 1.93 0.09 1.13 19.5

3 25 14.0 bft 106.7 451.7 83.2 97.0 1.76 0.10 (.b1 27,0

26 9.7 65.9 83.2 373.0 51.9 72.4 1.89 0.08 0.7% 1.:;

3 27 23.0 21.Q 106.4 379.0 7.5 71.6 2.57 0.06 1.10 17.2
3 2b 15.2 89.5 93.0 312.7 54.0 83.1 lb 0.12 .SQ5

ic' 33 13.8 82.1 '19. 508.6 105.5 126.0 2.05 0.09 0.6, 17,

10 3. 11. 7Q.0 86.: 431.7 58.3 164.8 2.Ot 0.0 0.93
35 1..8 0.5 101.8 378.0 74.1 110.0 1.26 0.06 0.72 1-.7

3t 11.2 7b.
7  

F2.0 374.9 50.5 1.0 i.5- 0.07 0.71 2.O
1O0 9 20.8 97.4 120.- 529.0 84.6 143.0 1.73 0.12 1.05 19.0
1OC 10 14.2 91.6 100.6 415.2 6S.9 18.0 1%.9 0.09 0.92 1.5'
IOC 11 14.8 90.6 114.1 403.2 6.9 93.6 i.01 0.08 0.77 22.i
100 12 11.2 b7.3 77.6 299.0 51.9 25.. !.6e 0.09 O.94 0.80

Dose Dog Relative Organ Weight (gib'k bod. -eight)

(7. in feed) No. brain Hear, Liver Kidney Spleen Adrenal Pituitarv Thvroid Testis Ovary

0 2 5.63 7.76 29.7 4.57 4.60 1.096 0.006 0.062 0.084
0 3 4.96 6.7- 35.O 6.43 6.16 0.102 0.007 0.052 0.95

0 4 6.13 7.54 37.3 4.86 5.67 0.133 0.008 0.074 0.072
0 5 6.06 6.5: 28.0 5.03 8.47 0.097 (.007 0.167 1.05

I I 6.56 6.67 24.3 3.85 8.11 0.124 0.006 0.040 0.071
2 19 6,43 2.729. 5.S6 5,77 0.120 0.007 0.068 0.91)

1 20 5.98 7.34 37.5 4.96 4.15 0.133 0.007 0.065 0.097

1 21 3.53 7.65 34.0 3.99 S.60 0.11 0.005 0.065 1.12
3 25 5.90 7.42 32.2 5.94 6.93 0.126 0.007 0.056 1.21

3 26 8.86 8.56 38.4 5.35 7.46 0.195 0.008 0.076 0.119
3 27 6.3, 8.16 29.2 5.73 5.51 0.121 0.006 0.085 1.32

3 28 5.89 t.32 20.5 3.55 5.52 0.076 0.007 0.039 0.077
10 33 5.9- 6.62 36.9 7.64 9.13 0.149 0.007 0.061 1.23
10 34 6.7. 7.36 36.9 4.96 14.09 0.17b 0.008 0.080 0.169
10 35 6.11 6.95 25.4 5.01 7.43 0.087 0.004 0.049 0.99
10 36 6.85 7.32 33.5 4.51 5.45 0.135 (.006 0.063 0.:50

13c 9 . 6.22 25.4 4.06 6.68 0.083 0.006 0.051 0.91
I1C 10 6.-5 7.20 29.2 4.85 6.31 0.136 0.006 0.065 0.111
lOC 11 6.12 7.72 27.2 5.87 6.32 0.06E ,.005 0.052 0.82

lOC 12 6.01 6.93 26.7 4.63 2.27 0.150 0.008 0.084 0.080

Dose Dog Relative Organ Weight (gmn/gr brain weight)
(0 in feed) No. Heart Liver Kidney Spleen Adrenal Pituitary Thyroid Testis Ovary

0 2 1.330 5.10 0.783 0.79 0.0168 0.0010 0.0105 0.0144

0 3 1.360 6.64 1.293 1.24 0.0205 0.0013 0.0104 0.190
0 4 1.232 6,08 0.794 0.93 0.0217 0.0013 0.0121 0.0118
0 5 1.071 4.61 0.830 1.39 0.0160 0.0011 0.0110 0.170
1 18 1.01! 3.69 0.586 1.23 0.0188 0.0009 0.0061 0.0107

1 19 1.054 4.57 0.915 0.90 0.0187 0.0010 0.0105 0.141

1 20 1.234 6.27 0.829 0.69 0.0221 0.0021 0.0109 0.0163

1 21 1.411 6.15 0.721 1.56 0.0201 0.0009 0.0117 0.203
3 25 1.292 5.47 1.007 1.17 0.0213 0.0012 0.0098 0.206

3 26 0.989 4 34 0.604 0.84 0.0220 0.0009 0.0086 0.0134
3 27 1.299 4.63 0.910 0.87 0.0192 0.0010 0.0134 0.210
3 28 1.039 3.48 0.603 0.94 0.0130 0.0012 0.0066 0.0131

10 33 1.450 6.19 1.285 1.53 0.0250 0.0011 0.0102 0.207
10 34 1.090 3.46 0.738 2.06 0.0261 0.0011 0.O118 0.0251

10 35 1.136 4.15 0.819 1.22 0.0141 0.0007 0.0080 0.162

10 36 1.069 4.89 0.658 0.80 0.0197 0.0009 0.0093 0.0219
100 9 1.339 5.43 0.869 1.47 0.0178 0.0012 0.010F 0.195

100 10 1.100 4.53 0.752 1.29 0.0214 0.0010 0.0100 0.01-1
10C 11 1.259 4.45 0.,59 1.03 0.0111 0.0r,09 0.0085 0.134

100 12 1.153 4.44 0.771 0.38 0.0250 0.0013 0.0140 0.0132

a' fed 10, cotton linters.
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I

IV. RAT STUDIES

The following sections describe the results and interpretations

of the rat studies.

A. Observations and Toxic Signs

Some adverse effects were observed, but these were seen scattered

throughout all groups, and not related to NC feeding. Unscheduled deaths
among males and females are summarized in Figures 4 and 5, respectively.

In both sexes, none of the treated groups had more deaths than the normal

controls, and none had fewer deaths than the cotton controls. Some data
are omitted for the sake of clarity. Deaths among low (1% NC) and middle
(3% NC) dose males were similar to those of high dose (10% NC) males. Deaths
among low and middle dose females were intermediate between those control

and high dose females.

Deaths came from a variety of causes. Laboratory data from rats

dying at unscheduled times are given in Table 19. Some of the early deaths
(Months 7 through 10) were symptomatic of pseudotuberculosis. Each rat

typically had a rough coat, an arched back, rapid, noisy breathing, and
weight loss, with the characteristic caseous lesions seen in the lung at

necropsy. To minimize spread, animals with the signs were kept isolated

until they recovered or became moribund.

The most common cause of death was tumors. The first variety
observed (from Month 7) was subcutaneous tumors of various types, includ-
ing mammary tumors. When these became ulcerated, we killed the rats to

prevent suffering. In other cases, the tumor became so large that the rat

appeared to be putting its metabolic effort in support of the tumor, rather
than of its somatic tissues. The tumor would increase in size and the rest

of the body waste away. An unusual variation was cotton control female
No. 50-048. Occasionally, rats develop nevi (typically 2 mm x 2 mm x 10 mm
long) on their tail. No. 50-048 had one about the middle of the tail which
increased to 20 mm x 30 mm x 20 mm long and became ulcerated. She was iso-

lated and observed, but the lesion neither healed nor regressed. The tail

and lesion were amputated in Month 19, and the rat survived to the end of
the study.

In the second year, we saw increasing numbers of pituitary chromo-
phobe cell adenomas, a very common tumor in this strain of rats. 16 / These
rats could be identified by their behavior. Most commonly, we saw uni-

lateral ataxia which sometimes developed to paralysis. At times, the ataxia

affected the entire body. Sometimes these rats, even if ataxic, were hyper-
excitable, having exaggerated responses to stimuli. The more severe cases
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were accompanied by severe weight losses--as much as 200 g in 2 weeks. f

the loss was as much as 50 g/week for 2 or more weeks, the rat was considered

moribund and killed.

Other deaths occurred from unusual or unknown causes. Typically,

the only symptom observed was inanition with weight loss, inactivity, and

rough coat. Often no gross lesions or specific abnormalities of laboratory

data were found. However, some diagnoses were obvious, such as the malig-

nant lymphoma in control male No. 51-101 (see laboratory data in Table 19).

The most unusual was control male No. 51-107. In 4 weeks, his weight

dropped from 730 g to 548 g. He showed typical, nonspecific inanition,

and was killed in Month 19. At necropsy, he looked like a case of adiposo-

genital dystrophy (Froehlich's Syndrome) with a large amount of abdominal

fat (despite weight loss) and very small testes (0.74 g).

B. Body Weight

Average body weights of rats fed NC are shown in Figure 6. Some

data are omitted to improve clarity. Control rats had rapid weight gains

from the start of the study. The rate of gain decreased as the rats ma-

tured, reaching plateaus of 775 g in males and 375 g in females after about

1 year. There were additional weight gains later due to obesity, and fluc-

tuations due to tumor weights (increasing) and to inanition of the rats

(decreasing).

Rats fed the low or middle dose were substantially the same as

control rats. However, high dose rats and cotton control rats failed to

gain weight or even lost weight in the first week. Thereafter, they gained

more slowly, reaching plateaus of 575 to 600 g in males and 325 to 350 g

in females. Fluctuations and later weight gains were similar to those in

controls, causing a convergence of average body weights in the last months

of the study.

C. Feed Consumption

The average feed consumption data for males and females are shown

in Figures 7 and 8, respectively. Averages are listed in Table 20. These

averages are labelled "apparent" because the high dose and cotton control

rats had visible scattering of feed and fiber around their cages, which

accounted for part of the loss of weight in the feeders (the measured

parameter).
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I All dosed rats had a doserelated increase in apparent feed

consumption. This is consistent with the fact that NC acts as non-
nutritive buik. As shown in the figures, thore were major variations in

consumption from month to month. The only timerelated trend was a
decrease in feed scattering and, therefore, in apparent consumption, in

highdose and cotton control rats. in both sexes, the rats in these two

dosage groups consumed less feed in the second year than in the first.

ID. Laboratory Data

Baseline values for hematology data of males and females given
NC are in Tables 21 and 22, respectively. The values for all groups are

normal, with only insignificant differences between groups.

Laboratory data after 6, 12, 18 and 24 months of feeding are shown

in Tables 23 through 30. There are occasional differences between the groups,

but these are usually minor and always inconsb tent. The large differences

are caused by aberrant individuals. For instance, the atypical cells in
all the males tested after 24 months feeding (Table 29) were the 677 imma-

ture lymphocytes in control male No. 51-101. If his data were omitted,

the control values for the neutrophils and lymphocytes of the controls aver-
aged 34 and 6,%, respectively, practically identical to those of the other

groups.

The reversal study after 12 months' feeding was omitted because
no adverse effects were observed. Laboratory data from rats fed 24 months

I and allowed to recover for 1 month are shown in Tables 31 and 32. All

control males had died before the end of the study, so comparisons for the

jmales were made to the cotton control. As described above, only minor,

unimportant variations were noted.

E. Pathology

Data are presented on 21 male and 30 female control rats, 27

male and 35 female high dose rats and 32 male and 35 female cotton control

rats. Missing rats include those not necropsied (recovery after 12 months

feeding) and those lost to decomposition, cannibalism, etc.

1. Feeding for 12 Months

1Absolute and relative organ weights of rats fed NC for 12 months

are listed in Toble 33. There are a few statistically significant differ-

ences. These differences, especially those in spleen weight, represent

normal variation.

Tissue lesions in male and female rats fed NC for 12 months are
shown in Tables 34 and 35, respectively. Chronic murine pneumonia was found
in all control and all treated rats. A variety of other lesions was found
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in these rats. There was no relat ionshi p between NC feeding and any of tile
lesions, in incidence or severity of the les ions. Therefore, the low and

middle dose rats' slides were not read and the reCovery necropsy after 1
month's recovery was omitted.

2. Feeding for 24 Months

Absolute and relative organ weights of rats fed NC for 24 months

are shown in Table 36. There were no statistically significant differences

between treatment groups.

A large number of lesions were found in various tissues of rats

fed NC for 24 months, as shown in Tables 37 through 42. Some lesions, such
z s chronic murine pneumonia, were found in most rats. Other lesions were

found more sporadically. The variety and incidence are typical of geriatric
rats. No lesion was related, in incidence or severity, to the NC dose given.

Lesions from rats fed NC for 24 months and allowed to recover
for 1 month are shown in Tables 43 and 44. The results were the same as

seen in rats not allowed to recover. No NC-related lesions were seen.
Lesions from rats dying at unscheduled times, including the only control

male surviving to begin the recovery study, are listed in Tables 45 through

53. As described above, there were no NC-related lesions.

The incidence of tumors in the preceding tables has been listed
in Table 54. As reported in the literature,16/ the only common tumors
were the pituitary chromophobe cell adenoma and various mammary tumors,

including fibroadenomas, adenomas, and adenocarciiiomas/carcinomas. There

was a scattered incidence of many other tumor types, but no relationship

to NC feeding.

F. Three-Generation Reproduction Study

As indicated in Table 55, the mean body weights at the time of
first matings for males of all parental generations, given diets containing

10% of either NC or cotton linters, were significantly reduced when compared

to males given normal control diet. These means for all parental generations

given 10% cotton lint2rs were also significantly reduced when compared to
males given 10% NC. In the females, only the mean body weights at the time

of first matings for those given diets containing 10Z cotton linters were

significantly reduced when compared to females given control diet.

No indications that the treatments adversely affected the fertil-

ity of the males or females were apparent in the mating ratio, pregnancy

ratio, or the ratios of fertile to mated males or females. For the Fo
generation, most of these parameters suggest that either 107 NC or cotton
linters in the diet increased the fertility of rats given these treatments.

However, this effect appears to be caused by the decreased fertility of

the control Fo females. The fertility for F0 females was similar for groups

given 1 and 3% NC. This decreased fertility in the Fo groups was associated
with both an age at time of first mating and body weight greater than that
expected to give optimal reproductive performance.
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The data for the various litters are detailed in Table 56. No

treatment effects were apparent on litter size, liveborn index, birth weight,
viability index, or the ratio of males to total offspring. Significant re-

ductions in the lactation index and the weight of pups at weaning occurred
with both the 10% NC and cotton linter groups. Reductions in these param-

eters were observed chiefly with the FIb through F2b litters. Similar re-
ductions were not ubserved with the subsequent litters.

j As in the chronic toxicity, rats given diets containing 10% fiber

ate more than the other rats, presumably to compensate for the inert fiber
content of the feed. Mean feed intake values for the control, 10% NC, and

10% cotton linter groups were 81, 103 and 118 g/day, respectively, during
lactation of the F~b; and 62, 74 and 72 g/day, respectively, during lacta-

tion of the F3b. Peed consumption measurements on other groups were not

made.

This study suggests that NC alone at dose levels as high as 10%
in the diet does not affect reproduction, but that the increased inert bulk
of 10% fibers (NC or linters) can cause some adverse effects on reproduction.

G. Mutagenesis Study

The results of the chromosome analysis of bone marrow and kidney

cultures from rats fed NC for 24 months are shown in Tables 57 and 58. There

were no increases in chromosome abnormalities.

H. Discussion and Conclusions

There is no evidence of any adverse effect associated with the

feeding of nitrocellulose to rats. Rats fed the high dose (10%) or an

equal amount of the inert cotton linters did have some effects when compared
with rats fed less (or no) NC. These effects, which were often more obvious
in the cotton control rats, are presumably due to presence of a relatively

large amount of inert bulk in the diet.

Rats fed the high dose or cotton control diets had a somewhat

better survival rate. This result is probably associated with their some-
what lower body weight, which was apparently due to decreased obesity,

rather than decreased lean body mass. To cite the extreme case, one low

dose male (No. 42-146) weighed as much as 1,042 g before he was found dead
and decomposed in week 102, but no high dose or cotton control male ever

weighed as much as 850 g. Weight differences among females were less, and

were confounded, especially in the later months, by the presence of tumors,

often large.
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There was a dose-relationship in feed consumption, as would be
expected from addition of an inert bulk ingredient to the diet. However,

the relationship was not proportional to the added bulk. Addition of 10%
fiber (NC or linters) caused a qualitative behavioral change. The rats

would waste large quantities of the diet, apparently attempting to separate

fiber from feed.

Other than biological variation, no effects were seen in the

clinical chemistry, gross pathology, and histopathology. If NC is de-
nitrated in the gut, then the amount of nitrate/nitrite formed is presum-

ably within the ability of the body to detoxify. The special toxicity

tests, including immunoglobin E assay, cytogenetic analysis, three-generation

reproduction, also showed no adverse effects of the NC, although the fiber
consumption and consequent lower body weight had inconsistent adverse

effects in the reproduction study.
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TAbLF 3S

StU'MAN Y OF LESIONF OF FEMALF RATS FED NC FOk 12 MONT!I' i,

Dose (' in feed): ,( I( 1OC /

51- 51- 51- 54- 5- 5a- 5.- 50- 50- 50- 50-
Rat No.: 411 412 .14 L41 .42 4 444 401 402 403 404

Lesions-

Adrenal Gland
Cvsticdegeneration I _ 1 _ 1

Eye
Retinal atroh - - -- -------- ------- ----- -

Trachea
Tracheis 3 1 1 3! 1 _

Lung

Chronic murine pneumonia 1 1 2 1 1 3
Granulomatous pneumonia

Liver
Portal inflammation or granuloma 1 1

Telangiectasis -
Spleen

Excessive hemosiderin 1 1 1 2 i 1 _ 1 1

Ovarv
Ovarian cYst - - 1-

U'terus
Endometritis or pvometra 1 1
Endometrial cyst --- -

G. I. Tract I
Intestinal parasitist -

Kidney
Calcinosis -

Mammary Gland

Fibroadenona . .
Heart I

Focal mvocardtis or fibrosis i
Pancreas

Focal mononuclear cells infiltration -
Bone Marrow

M/E ratio 1.6 1.7 1.4I 1.1 1.0 1.2 1.71 2.0 l.C 1. .

Tissues not listed were normal.
a/ Fed 10' cotton linters.

b/ Severity of lesions: I = mild: 2 = moderate; 3 severe; 4 = very severe: * = questionable; X = present:

0 - tissue missing or unreadable.
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XKMARN, S _IONS 4 ¥ COFNIROL FIATS FiED I.X 24 0oNriIS

M" Ite - ""'I

51 S - 1 ,1 - 4 1- ',1 I- I- I I
,1114 1,1 i 11 2 2 ,. . 2i 218 1 211 1. 21 2,'i

L,*t U. I. ,I"ln'.I/Ih11.errl t t [i S

11 5,, 4 ' . P

0.1i Ibilaid llclarpl II ypcrtasl 4

Ptc,, tIIIaII."ti

Tra,-hetI . 1 d lt 2

Cirmi. mtrine ynetlflo'Tll.c 1 1!I .

H oie a r s

r, 'cardta degeneratton and/or thloi 1 '

Fite 1". hperpleola .2 I

Pst It , I j~tI

40-I onr areas cI hepato-ellutar at terat In i 2

FanOyclhange (vonal 'r (call I1
Focal dilated ainu ,td I 1

Spleen

lencaiderooio ]

Test Is
testitolar degeneratnon and/or trophy -. -,

S p Id -ots

Epicoeliatl Vl o in| I nat ion 1 1

Prostate

Sspport tlve prsaiiti -
IOary

Ovarian coot I

OopIhorlt is

Uterus
£n~doent to 3 __ I

Pane reas

Fo al acoia nratrophy 2 - - - - -_ ........- 2_

Salivary Gland

SialoadenLin 2 .... . ..
Stonach
Dilated basal gland I I

Catcification of mucosa

Ulcer -

Intentin. .

Chronic neretin
penenterir tuor. . . .

Kidney

tIydronephn osla 1 2

Sen Ile nepbropathy or nephri I

Feal sh lar oephrnnts 2 1 1 1 1 I 1 2

Ialotnosls 2 I 1 1

U'rinary gladder

Mononuclear cell foci in submucosaSupurCtI ye cystitis . . .

Skin

Keratoanthoaa X

Ser.atitis

Brain

Ene phalopat v --.-- - --- - - ------ _ I

Eve

Rettnal atrophy/foldlng 2 1 1
Keratiris 1

mmarv Gland
Fitoadsn~ota X II
Adenom .. ..

Done Marrow Smear
ME ratio 2.3 1.5 .2 1.4 0 0 0.8 8 .3 2.0 5.3 0 0 0

Tissues met listed acre norIas.
.1 Severity of lesions: mild, 2 - moderate; 3 - severe; 4 - very severe;t - questionable; X p present;

0 * tissue missing or unreadable.
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I
1ABL: AS

S'IAAOF UPjS IONS :5V RAT? FR : . C 2-. MONTH.

I 9-52- 52- 1,-2- - -7 - 5 2 t- 57- 12- 52-

-r . A-. 1" i-. 145 2-. 2-5 2> 23 23- 2 
4  

2W

Lesionst

Adrenal Gland
CVstic degeneration -

Prruitanx

Adenoma X ., . . . . . . . ..

Thyroid and parathyroid

C cell adenoma xX X
Parafol l cular cell hn erplas ia . . . . .. . . . . . . . . . . .. . .- - - - - . . . . . .

Trachea

jracheitis -
Lunu . . . .

Chronic murine pneumonia 1 1 ! 1 1 1 1
lrnchiolar adenoma - - -- - - - ..........

Heart
Mvocardialdegeneration and/,r fibrosi . . . -1 1

liver

Bile duct hyperplasia I I 1 I2
Portal inflammation 1 1 1
Foci or areas of hepatocellular alteration I " 2 2!
Fatty change (zonal or focal) 1 I

Focal dilated sinusoid

Spleen
Entramedullarv hematopoiesis 1 1

Epididvmis

Erithelial vacuolization 2 3 . . . L

Ovarian cyst
Granulcsa cell tumor . .

Uterus
Endometritis 1 1 1
Carcinoma j

-Cystic gland .. . . . . . . . ... - - --
Pancreas

Focal acinarophv . .-----. . ..------ . ...------------------- -------

Stomach f
Dilated banal geand - -

Intestine .
Chronic enterltis - - - - - - - -

Kidney
Senile nephropathv or nephritis 1 2 '..

Focal tubular nephrosis 2 2 I 1
Caj inosis .............................. - ....- - _ - ....- - - - - - - :-

Urinary Bladder

Lithiasis -

Eve
Retinal atrophy/folding I

Keraritis I

Mammary Gland -
Vibroadenoma
Adenoma I x

Adenocarcin ona - - - --

Bone Marrow Smear -

M/E ratio 1.2 1.- 1.4 i._ _ 1. 4 1 I .0 1.01 0 0 0. .8 1.0

Tissues not listed were noral.

a"' Severity of lesions: I - mild: 2 - moderate; 3 - severe: 4 a er% severe. * questionable: X * -resent:
0 - tissue missing or unreadable.
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TABLE 41

SUKAARY OF LESIONS OF MALE RATS FED 10- COTTON LI:ZERS FOR 24 MONTHS

40- 40- 40- 50- 50- 50- 30- 50- 50- 1(- 50-

Rat No.: 102 106 1C7 008 009 016 018 019 022 '2 024

Lesions '

Adrenal Glands 0

Cystic degeneration

Fatty change (focal)1 * 1
Cortical adenomalnodular hyperp1asia - X

Pituitary
Adenoma X

Thyroids and Parathyroids

Parafollicular cell hyerplas-ia 1

Trachea i

Tracheitis 3 _ 4 '4 1 1
Lungs----

Chronic murine pneumonia 1 P 2 11 1 1 1

Heart

Nyocardial-degeneration and/cr fibrosis 1 1 1 1 1 1
Liver

Bile duct hyperplasia 1 1 I
Portal inflammation
Foci or areas of hepatocellular alteration 1 1 1 1

Fatty change (zonal or focal) I I

Hemosiderosis 2

Spleen

Hemosiderosis 1

Extramedullarv hematopoiesis - .......
Testis

Testiculardegenpration and/or atrophy 2 4

Epididymis

Epithelial vacuolization 1 1 2 1

Foci of mononuclear cells - ,

Pancreas
Focal acinar atrophy

Islet cell h rplasia 1
Salivary Gland

Sialoademitis 1

Stomach
Ulcer 1

Dilated basal jland 1
Intestine

Parasitism -1 1
Kidney

Senile nephropathy or nephritis 1 1 1 1

Focal tubular nephrosis 2 1 1

Calcinosis I

Urinary Bladder
Mononuclear cells foci in submucosa

Eye

Retinal atrophv/oldin-------------------------------------------. 2_ - 1 1 - 3 2

Bone Marrow Smear
M/E ratio - _ 1.8 1.3 1.6 1.8 1.2 2.0 1.7 0 0 ' 0

Tissues not listed were normal.

a/ Severity of lesions: 1 = mild; 2 - moderate: 3 - severe; 4 - very severe; + = questionable;

X present; 0 - tissue missing or unreadable.
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TABLE 43

SUMMARY OF LESIONS O MALL RATS FEl NC FOR 24 MONTRE AND ALLOW! II> ECOVERY FoR 1 M(NT

Dosr (7. in feed): 5 I 3 1o 0 1OC__

5 - 53- 53- 5- 54- 5- 54- 5li- 50-

Rat No.: 132 133 157 15b 36 8 18f lb. 18b 001 004

Lesions -

Adrenal Glands

Cvstic degeneration 4 1
Necrosis

Pituitary

Adenoma,

Thvroid and Parathyroid -

Parafollicular cell 1

Trachea
Tracheitls 4

Lung

Chroni: nurne pneumonia - 1 _ _ - - - - 1 - -1 -

Heart

Mvocardial degeneration and/or fibrosis 1 1 5 1 1 . 1 1
Cardiac dilatation

Liver i

Bile duct hyperplasia 1 1 1 1 1

Portal inflammation
Eosinophilic or basophilic foci or areas 2 2 i 1

Fatty change (zonal or focal)

Focal dilated sinuso d -- - - - - -. . . . . . . . . . .- . . . .

Spleen i

-xcramedulary_hematpoiesis - - --- --------------------- -- - - 1 _-

Testis
lesticular degeneration and/or atrophy 1 4 4
Orchitis
Interstitial cell tumor t 1

Epididvmis

- Epjtheial vacuolization 1 1 1

Seminal VesicleI-

Seminal vesiculitis -

Pancreas
Focal acinar atrophy 1 1 1 7 2

Islet £eIlhpyralasia --
Thymus

_emorrhaje. - - - - - - _

Stomach

Ulceration - - - - - - - -

Intestine

Parasitism

Mesenteric tumor - - -
Kidney

Hydronephrosis 2 2 2
Senile nephropathy or nephritis 1 3 1 1 1

Focal tubular nephrosis 1 I I 1 12 1

Calcinosis .....---- --..... -.....
Urinary Bladder - -

Protein cast -

Fibroma
Skeletal Muscle

Musculardegneration 
1.... ..

Brain

_ n ce halitis - - -. . . . .. .- . . . . . .

Ear
titis -3

Eye

Keratitis - I I

Bone Marrow Smear

IE ratio , 1.3 1.3 1.0 1.2 110 2,0 1.0 '.3' 0 0

Tissues not listed were normal.

a/ Fed 10% cotton linters.

b/ Severity of lesions: I - mild; 2 - moderate; 3 - severe: 4 - very severe: + q ouestionable;
X - present; 0 - tissue missing or unreadable.
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TABLE 493 SL!?OMAY OF LESIONS OIF MALE RATS FED 3" NC AND DYINC. AT UNSCHEDULED TIMES

53- 53- 53- 53- 53.- 53- 53- 53-, 53- 53- 53-
Rat No. 165 159 152 170 167 5 6 6 6 155 156

W ieek of Death: 61 64 b6 70 72 80 81 8L. 85 80 1~

Lesions-al

Adrenal Gland
Cystic degeneration 1

_ ; rti a - d n m - - - - - - - - - - - - - - - -
Pituitary 000

Thyroid V
C eladenona .L X_

FTrachea- - - - - - - - -I- - - - - - - -

Tracjheitis . .1 3 -1 2
3 Lung
*Chronic murine pneumonia 2 1 1 1 1 1

PseudotuberculosisL3- - -

Heart
tHyocardial degeneration/fibrosis 2 1 1 1 1 2 _1

Liver
bile duct hyperplasia
Portal inflammation I 1! 2

Foci or areas of hepatocellular alteration

Fatty change 1 1 3
Necrosis 1 I
Extramedulla.Eyhema topoiesis.------------------------------------ -- -- ---

Hemoiderosis2
Exitramedullarvhemkat~piesis - 3 - L -.- - - 1

Teastis ___I._

Epididymis

_Foci_f Lwononucrlea. cells 1
ProstateF

bProatt tis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pancreas

- ocall cnar atr~phy-------------------- - - --- - --- -- -- -- -- ------------
Kidney

Senile nephropathy 11 11 3
Tubular nephrosis

Microlithiasis1

Adenomsa

Skin

Myxoma
Trichoepithelioma t It

Preputial gland adenoma It

Brain
- Ence~talgmjla ia 

_

a! Sevority of lesions: 1 - mild, 2 - moderate; 3 - severe; 4 -very 4evere; ± questionable; Xt present;

0 *tissue missing or unreadable.

b/ Died In week 4 of recovery after 24 months' feeding.
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TABLE 51

SL701ARY Of LESIONS OF HALE RATS FED 10-, NC AND *. YN A3.7 l7NSCHOPILED TIMES

54- 5.- 54.- 44,54- 3.- 54- 54- 5..- 44- 5--
atNo.; 181 193j 181 1811 79 177 182 192 185 182 187

Week of Death: 68 71 74. 7 t, 7 R 9 01417 97 97 103

Lesionsa'

Adrenal Gland
Cvst ic degeneration

Cortica l hvperplasia (nodular) - V -

_ Adenoma - - - - - - - - - - - - - Y-
Parathvroid

-Hyperplasia - V-

rachei i 3I

LungI
A-vate bronchopneumonia

Chronic murine pneumonia I I i 1 1 2

Lung abscess 3
Granuloma I

jjremic_calcification......

Heart
Ventricle dilatation
!1vocardjial de geneat ion /fibrosis 1 2 i 3 1

Blood Vessels

Cal cif Icat ion __

Bile duct hyperplasia I 1 1 I
Portal inflammation 1 I
l'attv change

Hemosiderosis
Estramedullar-vhematcoiesis . 3 ................. ..I Testes

_ e,&enerat ion/necrosis - - - - - - - - - - - - - - - - 3 - -1- - - - - - - - - - - - - - - - - - - - - - - -
Epididymis

Foci of mononuclear tells1
Vacuolization of epithelium 1

Prostatitis (suppurative)

Seminal Vesicle

Seminal vesiculatis (suppurative) 4 _

Cart mn a - - - - - - - - - - - - - - - - X- - - -
Pancreas

vp~erplasia of islet cells . N . ...--------- X
Stomach

Intestine

iidney- - - - - - - - - - - - - - - - -I Senile nephropathy2
Focal tubular nephroais
Hydronephrouis

Plicrolithiasi

Urinarv Bladder

Nec toi In~cs~ 3

51cm atarom x

Brain

_ eningioL a. . x

_ etat itis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -

Tissues not listed were normal.

a/ Severity of lesions: I - mild; 2 - moderate; 3 - severez 4 - very severe; questionable; N - present;
U C -t'issue missing or unreadable.
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TABL! 54

TUMORS IN RATS FE NC

Dose (% in feed): 0 1 lOC ,

Sex: Male Female Male Female Male Femal, Mat Female Male Female

Tumors -b/

Adrenal GlandCortical adenoma 3
12  

1 1 1 1 3

Pheochromocvtoma . . . .

Pituitary Gland
Chromophobe cell adenoma 6 10 3 16 6 12 18 7 _1 .

Thyroid Gland
C cell adenoma 1 1 5 32 1 3
Carcinoma 1 - - -------------

Parathyroid Gland

Lunganooma
Bronchiolar a den~oma - - -----------

Liver

Hemangiosarcoma 1
- Hepatocellular carcinoma - - -
Pancreas

Islet cell tumor I - - -
Testis i

Interstitial cell tumor -

Seminal Vesicle
Carcinoma .... . .

Ovary
Granulosa cell tumor 1

Uterus
Lejomvoma

Kidney
Adenoia 1

Skin and Other Connective Tissue

Histiocvtoma
Carotid body tumor
Myxoma

Keratoacanthoma
Papilloma 1

Trichoepithelioma 2
Preputial gland adenoma 1

Basal cell tumor
Lipoma l 1'
Liposarcoma 1
Hemangiosarcoma 2
Fibroma/fibrosarcoma 1 2
Squamous cell carcinoma . . . 1

Multiple Sites
Malignant lymphoma 1
Reticulum cell sarcoma 1 2

B r a i n m a--

-Meningioma------------------- - - ----- - - --
Skeletal Muscle I
Fibrosarcoma 1 L----------

Mammary Gland
Adenoma 4 8 6 8 5
Fibroadenoma 7 1 4 10 7 5
Fibroma 1 1
Lipoma 1
Adenocarcinoma/carcinoma . 6 24

a/ Fed 10t cotton linters.

b/ Number of rats.
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V. MOUSE STUDIES

The following sections describe the results and interpretations

of the mouse studies.

A. Observations and Toxic Signs

The first observations were of problems with the feeders; these

are discussed in the section "Feed Consumption." In the first 3 weeks of
the study, nine high-dose (10% NC) males and five high-dose females, five

cotton control (10% cotton linters) males, and one cotton control female

were found dead. Gross necropsy found emboli of white fibrous material

blocking the intestines at various sites from the jejunum downward. This

condition was due to these individuals' inability to handle the fiber con-

tent of the feed, and was reported earlier.6/ Additional mice, fed the

respective diets from the start of the study, were substituted for thege

dead mice. There were occasional fights and injtiries, especially among the

males, in the first few weeks. These were contrlled by putting the aggres-

sor in a separate cage.

In week 18, we first saw an unusual hyperemia in a cotton control

male. His ears and eyelids were hyperemic. His genitalia and later his

feet and tail were edemic. In subsequent weeks, this same effect was seen

in other mice. It was most common in cotton controls, less common in high

dose mice, and almost unknown in the others. It did not correlate with

weight loss or unscheduled deaths. Incidence decreased by the end of Month

10. The cause may be an infestation with a mite or fungus of some kind.

However, the condition was seen in some mice in cages in the top and bottom

rows, with very few cases in other mice in the same cages and in the other

rows. Therefore, this is unlikely to be the cause. An alternate explana-
tion is sunburn. However, our lighting is Westinghouse "cool white"

fluorescent lights, which emit very little ultraviolet. In addition, the

polycarbonate cages and cellulose filter tops are almost opaque to

ultraviolet. Finally, the affected animals were the cotton control (top

row of cages) and high dose (bottom row) groups, not the other groups (in-
termediate rows). This hypothesis can also be discarded. The one

common factor in the affected mice was the presence of fiber--cotton
linters or NC. As discussed below, the cotton control and high dose

groups were notorious for pulling the fiber from the feeders, playing

with it, and even nesting in it. A hypersensitivity reaction is unlikely,

since there was no supporting evidence, such as increased serum IgE, in

any species. But an irritation reaction is quite possible. A few of

the mice developed sores which did not heal readily, due to continued

scratching, an action which implies irritation.
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During the study, there were a number of unscheduled deaths,

as summarized in Figures 9 and 10. If possible, we took blood samples,

and killed the mouse for necropsy. Many of these deaths occurred at

night. These tissues were often lost to autolysis, which occurs much

more quickly in mice than in larger animals. Cannibalization by cage

mates also destroyed tissues before histopathological examination. Among

the control, low (1% NC) and middle (3% NC) dose mice, there were few

deaths in the first year, and an increasing rate throughout the second

year of the studv. About Month 9, we had many deaths in the high dose

mice and a smaller number in the cotton controls. There was no apparent

cause. The deaths occurred one or two at a time, in various cages,

without obvious premonitory signs. There were transient decreases of a

few grams body weight in some mice which died, and in some which survived.

A few mice had obvious tumors, but these were relatively rare and distributed

among all groups.

B. Body Weight

Body weights of male and female mice fed NC are shown in Figures

11 and 12, respectively. Some data are omitted for clarity. Normal con-

trol mice gained weight quickly, then leveled out near 44 g for males or

37 g for females after 6 months feeding. Low and middle dose mice were

much like the normal control mice.

Mice fed the high dose or an equal amount of cotton linters lost

weight in the first week, but then began to gain. The gains leveled off

near 42 g for males or 30 g for females after 4 months feeding. During

the second year, the average weights of all dosage groups converged.

C. Feed Consumption and NC Intake

Measurements of the apparent feed consumption are shown in Figures

13 and 14; overall averages are in Table 59. During the first week of the

study, feed consumptions were lower than the expected 5 g/mouse/dav . Because

of the water in the feed, the feed would harden into a relatively solid

mass which the mice could not extract through the grid tops of the feeder.

Therefore, we omitted the grids from the second week on to prevent starva-

tion. The mice immediately started playing with the feed, scattering it

about the cage. Since we measured the change in feeder weight, this gave

us very high apparent consumptions in all dosage groups. Since these

figures had little biological significance, measurements were omitted for

Months 4 through 7.
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However, as the study continued, the behavior of the mice
changed. The normal control, low dose and middle dose mice ate normal

amounts of the diet. In fact, there was a reasonable dose relationship

between the consumptions (see Table 59) as one would expect if the NC
were merely inert bulk. The cotton control and high dose cages could

still be identified by the fiber scattered within the cages. Thus, the

figures remain "apparent" consumption.

We twice attempted to quantitate the actual amount of scattering.

After several false starts, we would hold the cages, bedding and spilled

feed and fiber after a week of feed measurement. By tedious sifting and

plucking, we removed the fiber and weighed it; the feed could be sifted

free but was contaminated by fine remnants of the bedding. From the appar-
ent feed consumption, we calculated the fiber available to the mice, and

compared this amount with the amount of fiber retrieved. In the high dose

cages, about 10% of the fiber was wasted, so actual consumption was probably

90% of apparent consumption. Howevr, we retrieved much more of the linters

from the bedding of the cotton control cages. This percentage (0 to over
100%) was extremely variable. The linters arrived baled; they cannot be

broken up to individual fibers as readily as the NC fibers. Thus, there

was irregularity of mixing (allowing the over 100% recoveries). Further-

more, the larger "pills" of linters were easier for the mice to sort out

and to eat around. Therefore, the estimates of linter consumption are not

reliable.

D. Laboratory Data

Laboratory data from mice of unscheduled terminations are shown

in Table 60 and from mice killed after 12 or 24 months feeding in Tables
61 through 64. There were no consiqtent, NC-related effects. There were

some statistically significant differences, but the differences were small
and did not persist through the study. The differences represented normal

variation among the mice, rather than toxicologically important differences.
The minimal amounts of methemoglobin seen in a few mice of all dosage groups

are artifacts of the method, which measures a difference in absorption.

Results from mice allowed to recover for a month after feeding

for 24 months are given in Tables 65 and 66. No male cotton control mice

survived. The data showed the same natural variations as described above,

but none were statistically different.

E. Pathology

Data are presented on 20 male and 21 female control mice and 24

male and 18 female high dose mice. Omissions include recovery mice and

those lost to decomposition, cannibalism, etc.
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I. Feeding for 12 Months

Average organ weights of mice fL.d NC for 12 months are given in

Table 67. The only statistical differenccs among the treatment groups were

large spleens and ovaries in the cotton control females. Since similar

increases were not seen in the males or at other necropsies, these increases

are presumably normal variations, unrelated to the treatment.

Lesions in male and female mice fed NC for 12 months are given

in Tables 68 and 69, respectively. As is commonly seen in older mice,

amyloidosis was common, especially in the intestine and kidney. A variety

of other lesions, usually degenerative or inflammatory, were seen. How-

ever, there was no consistent relationship between any of the lesions ani

the treatment.

2. Feeding for 24 Months

Average organ weights of mice fed NC for 24 months are given in

Table 70. The only differences seen in heart weight of the low dose mice

were normal variation, not due to the feeding of NC.

Tissue lesions from mice fed the control or high (10% NC) dose

and killed after 24 months feeding or dying at unscheduled times are shown

in Tables 71 through 75. Tumor incidence is summarized in Table 76. These

mice had a variety of lesions, as might be expected in geriatric mice.

Amyloid deposits, often heavy, were widespread. Many other lesions, mostly

degenerative, were found in various tissues. There was a treatment-related

difference in the lack of bronchoalveolar carcinomas in the high dose mice.

The data are statistically significant (p = 0.004 for males, p = 0.29 for

females, p = 0.002 for the combined sexes, by exact analysis of the con-

tingency table). The difference probably represents natural variation

and is toxicologically meaningless. Because of the lack of treatment-

related effects, the slides from other dosage groups were not examined.

Organ weights from mice fed NC for 24 months and allowed to re-

cover for 1 month are given in Table 77. As in mice not allowed to recover,

there were no treatment-related differences. The slides were not examined.

F. Discussion and Conclusions

As with the rats, feeding of fiber, either nitrocellulose or

cotton linters, caused increased feed consumption and, at 107 levels, de-

creased body weights. These changes are consistent with the fibers being

inert bulk in the diet. The difference in body weight decreased in older

age. The calculation of actual fiber consumption was unreliable because

of scattering. There were no treatment-related effects on clinical labora-

tory data, on organ weight, or on histopathology.
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VI

As seen carlier,6 / some mice could not handle the fibers, and

died of intestinal impaction in the first 3 weeks of study. This was a

purely mechanical effect. The hyperemia, or "red ear syndrome," is prob-

ably either a coincidence or an irritation reaction due to the fiber.

The cause of the cluster of deaths about Month 9 in the high

dose and cotton control mice is unknown. There was no obvious epidemiology.

The lack of obvious moribundicity, followed by the rapid autolysis character-

istic of mice, precluded histopathological elucidation. The cluster of

deaths occurred in mice fed both fibers, so it could be due to some un-

defined fiber effect. However, there were three times more deaths among

the NC mice than among the cotton control mice. The presence of a compound

effect cannot be dismissed.

In conclusion, a diet of 10% fiber had adverse effects causing

early deaths due to intestinal impaction and deaths after 9 months' feeding

through an unknown mechanism in mice. Feeding 10/ NC might be more hazard-

ous than 10% linters. A diet of 3% NC had no effect, except that an in-

crease in feed consumption was related to thE inert bulk of the fiber.
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TABLE 59

APPARENT FEED CONSUMPTION OF MICE FED NC FOR 24 MONTHS

Dose Apparent Feed Consumption (g/mouse/day)

% in Feed Males Females

0 5.91 ± 0.6 6b / 6.16 t 1.08

1 6.53 ± 0.84 6.36 + 1.21

3 6.65 t 0.85 6.46 + 1.10

10 13.82 + 0.83i /  14.89 1 1.05i /

IOCa /  15.78 ± 0.81E /  12.76 ± 1.04

a/ Fed 10% cotton linters.

b/ Mean ± standard error of 18 measurements; the first month is the

average of four measurements.

c/ Significantly different from control by Dunnett's multiple comparison
procedures.
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TABLE 72

SUMMARY OF LESIONS OF MICF FED 10 NC FOR 2. MONTHS

Sex Male FemalE
Kou Numer: 551 b, 858 859 PK 53. Q5S. 5

Lesions--

Adrenal Cland

Fibroplasia 1 I 1 2 7 3 2
Arvloid denosits 21

Thyroid Gland

Amvloid deposits 1 3

Cystic follicles - -

Heart

Amyloid deposits

Fibroplasi- -

Liver

Necrosis 1
_ Hepatoma . . . . . . . . . . . . . . . . . . . . .

Stomach

Amyloid depos its 1 1

Intestine

Amyloid deposits 3 2 3 2 13
Helmninths - - -. . . . . . . . . . X - - --

Kidney

Amvloid deposits 3 7 2 1 3 3

End stage kidney * -

Seminal Vesicle

hemorrhale--------------------------------------_ 3 - --
Uterus I

_ Cystic endometrium X X x x
Eye i

Retinal degeneration I 1

Lens_d!generjtion . . . . . . . . . . . . . . .. .1 . . . . .. . . . . . . . .. . . .

Skin

Ectonarasites N N

Brain

Vacuoles in fiber tracts 1 1
Skeletal Muscle

Sarcosaoridia x
Spleen

Amvloid deposits - - - 2

Lymph Node

Hemrangio!ma N X

Bone Marrow
M/E ratio 0.9 1.3 10 1.2.

.  
l.t,

Tissues not li~ted were normal.

a!/ Severity o lesions: 1 slight; 2 = moderate; 3 = sev re; X = present.
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TABLE 73

SE'NtMARY OF LESIONS OF CONTROL MIC! VYINC Al UNSCHEIELED 'IMES

Sex: a,1_L. Female

Mouse Number: 214 251 2-.5 247 22] 25K' 317 32L 332 325 326 31-

Week f Death 79 89 q4 9 97 1 (- 4 60 Fl 103 10

Lesiuns" '

Adrenal Gland

Fibro: lasia 1 - 2 I I I
Amvio:d deposits 3 - 1 3 '

Thyroid uland

Amvlo.d deposits 12p

Cvsti, follicles I
Heart

Amnvloid deposits - - - -

LuniSneumonia I

Pleuritis x
bronchhalveolar crciromaX X

Salivary Gland

Fibroplasia - - -I

Liver -

Amyloid deposits i
Neco~iss1

StomazL

Amvloid deposits - 2 3 

Pancreas

_ A n'~1 d deposits - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3
Irtestine

Airyloid deposirs 3 3 3 2 2 1 3
Helmiths X < X N X X X XAr t-

Kidne1

_ Amloid deosits . . . . 3 j I 3 3

TestiF

Epitht!ialjdegeneration 1

E gididynis

Ovar,

Amylo:d deposits 3
Cysts

Uterus

Cvsti, endometrium I
Heman, ioma x

Eve
Retinal degeneration - - 1

Skin

Ulceration, scarring - - -

Brain

Vacuoles in fiber trazts 2 1 1 2 2

Ma-ary Gland

Adeno arcinoma K

ST leen

_A ffIoid deposits - - --- ------------------- -

Lvmph Nde
Amvlod deposits 2

Bone Marrow i
E/ ratio 1.0- 2.0 2 1 1.: - - - 1.0 1.0 1.7-

Tissues not listed were normal.

a/ Severity of lesions: I - slight; 2 moderate; 3 = severe; X -resent.

b/ Died in week 4 of r2covery after 24 months feedinF.
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TABLL 'S

SUMARY OF LESIONS OF FEMALE MICE Fr, 107' NC AND DYINC %,T ['SCHED I r TIMES

Mouse Number: Q52 QO 908 Q40 946 921 a.22 24z 951 28

Week of Death: 5 8 21 23 82 85 8", 8,SQ8 102

Lesionsa!

Ad renal ,iarnlFibroplasia 1 2

hv Void deposits 2

Heart
_ Amvloid deposits . .

Liver

CentrOlobular necrosis 2
Intestine

Amyloid deposits 2
Helminths N X
Ulcer - - -- - - - - - -Kidnev ---

End stag. kidney Y1

Ovary
Cystic 4 X

Uterus
Cystic endometrium x X x x~Eye
Retinal deneneration . .

Skin
Ectoparasites

_ Ulceration, scarring -4
Brain
Lacuolatin, of fiber tracts 2 1 j

Spleen
Lyvphocyite necrosis Y.SBone MarrowI

M/E ratio -- 2 - 1.2 1. ,

Tissues not listed were normal.

a/ Severity of lesions: I slight: 2 moderate: 3 = severe: X present.

i
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TABLE 76

INCIDENCE OF TUMORS IN MICE FED NC

Dose (% in Feed): 0 10
Sex: Male Female Male Female

Site, Tumor

Lung

Bronchiolalveolar carcinoma 2

Liver

Hepatoma 3

Uterus

Hemangioma 2

Eye
Adenoma

Lymph node

Hemangioma 2

Mammary gland

Adenocarcinoma

Bone marrow
Leukemia

Unidentified site
Hemangioma

Multiple sites
Lymphoma 1

Hemangioma i

a/ Number of mice with the lesion.
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VI. GENERAL DISCUSSION AND CONCLUSIONS

A. Toxic Effects

The main effects seen in these studies were "fiber effects" in

animals fed either 10% nitrocellulose or 10% cotton linters. All three
species, dogs, rats, and mice, had a dose-related increase in total feed

consumption. This is what one would expect if the fibers were merely inert

bulk passing through the gastrointestinal tract with no absorption at all,
as shown in our earlier study with I4C-NC in rats.6 / In view of the simi-

larities in results between rodents and carnivores, it is likely that there

is no absorption of oral doses of NC in any species of mammals except for
cattle and other ruminants capable of digesting cellulose.

Since the dogs usually ate their feed or left it in the bowl

with little scattering, it was easy to determine the amount consumed. With

rodents, this was more difficult, since they scattered some of their feed.

The scattering of feed was negligible at the 1% and 3% dietary levels, but
vary obvious in both 1OZ fiber mixtures. In large part, the scattering

appeared to be an attempt by the rodents to separate the fiber from the

nutrients. Because of this effect, the measured feed-consumption (in
part, feed removal by the rodent) data for the high dose and cotton con-

trol rodents were higher than the actual amount consumed. Attempts to
quantitate the amount of scattered fiber and feed were not completely

successful, especially with the linters, because of the impossibility of
reducing the bales to individual fibers to form a completely homogeneous

blend.

With rodents, there was a decrease of weight gain in the high
dose and cotton control groups. In the firs, week of feeding, there were
weight decreases due to adaptation problems. However, this lower body

weight is not necessarily an adverse effect. When rodents are allowed
to feed ad libitum, they tend to overeat and become grossly obese. The
rodents fed 10% fiber were characterized by less fat, not less lean body

mass. Nevertheless, a decreased nutrient -ake can be deterimental if

there is a very high body demand for nutrition. This condition apparently
occurred, to some degree, in the earlier litters of the three-generation

study in rats. The 10% cotton females of the F. and F1 generations had

decreased pup survival during lactation and decreased pup weights. The

lack of such an effect in the F2 females may have been due to adaptation.

The only species with obvious toxic effects was the mouse. These

occurred in 10% fiber groups only. First, deaths occurred in the first
3 weeks of feeding from intestinal impaction. As noted earlier,6/ the

fibers of both NC and linters were large enough, relative to the lumen of

the intestine in mice, that the masses formed by the fibers could completely
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obstruct tile gut. Interestingly enough, this type of death was not seen

after the third week of feeding. The second adverse effect was the "red

ear syndrome," or livperemia with edema. It was not a life-threatening

condition, and resolved spontaneouslv. The cause of this is unknown.
Irritation from fiber contact seems to be the possible likely explanation.

Finallv, there was a spate of deaths about Month 9. The deaths in the

high dose mice were three times the deaths in the cotton control mice.

This effect could have been due, in part, to the chemical difference be-

tween the fibers. The total deaths over the 2-year test period did not

increase much; rather, the more susceptible mice died earlier than in the

lowec dosage groups. The cause is unknown. A possible explanation is an

interaction between fiber ingestion or contact, and unknown environmental

factors.

B. Cenclusions

Nitrocellulose acts as non-nutritive bulk with no adverse effects

at levels uip to 10% of the diet in dogs and rats and 3% of the diet in

mice.

This dietary bulk gave some adverse effccts in rats with an

extremely high nutrient requirement, such as during pregnancy and lactation.

NC, at 10% in the diet, could kill mice by intestinal impaction:

this is due to its fibrous nature. A spate of deaths of unknown cause

occurred after 9 months of feeding 10% NC: this may have been due, in

prt, to NC's chemical composition (i.e., nitro groups). Therefore, it

is not certain whether 10% NC is more toxic or as toxic to mice as 10%

cotton linters.

C. Water Quality Criterion

1. Rationale

A water quality criterion for a compound deals with the risk to

man, and is related not only to the population in general but to special

groups at risk. Existing standards for the populations occupationally

exposed, although based on toxicologic data as is the water quality cri-

terion, has been calculated specifically for occupational exposure rather

than environmental exposure. Special groups at risk in the environmental

case would include not only populations exposed to the chemicals in air

and water, but in consumer products in which the chemicals might be found.

With the compounds above, special groups at risk would be: workers in-

volved in their synthesis; persons involved in production/use of propel-

lants; and persons using derivatives as plastics. Since data to quanti-

tate these special exposures were not gathered as part of the water criteria,

146



the information used was from laboratory animal toxicity tests, calculated
using the guidelines and methods as outlined bv the EPA.17/

2. Results and Conclusions

Although these studies were of good qu.;litv, with very high doses

in three species, no toxic effects of NC', per se. were found. In view of
its low solubility and apparent non-ahsorption,6/ this is not surprising.

Therefore, we conclude that the only appropriate water quality
criteria are physical ones, such as clarity and total suspended solids.
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I

HEMATOLOGY, CLINICAL LABORATORY TESTS, HISTOPATHOLOGY,

STATISTICAL ANALYSIS, AND NORMAL VALUES

I. HEMATOLOGY AND CLINICAL LABORATORY TESTS

The usual blood sample from dogs is 8 ml, from monkeys 4 ml, and

from rats 0.3 ml for hematology and about 8 ml for full analysis at termin-
ation.

A. Hematology

The following hematological analyses are performed on all blood

samples from rats, dogs and monkeys.

1. Erythrocyte and leukocyte counts: A Coulter Electronic
Particle Counter with 100 g aperture is used.Y/ Particle-free diluents

(Isoton for RBC, Zap-Oglobin in Isoton for WBC, Coulter Electronics, Inc.)
are counted to establish the background. Each blood sample is counted in

duplicate. For each test day, two control blood samples (Diagnostic

Technology, Inc.) are counted separately in duplicate.

2. Hematocrit: Hematocrit is determined in capillary tubes

using a microcapillary centrifuge (International Equipment Company, Model

MB). Two control blood samples (Diagnostic Technology, Inc.) are measured

separately in duplicate.

3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.l!

Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter

Electronics, Inc.) is used as the standard. For each assay, two levels of

the standard are used and two control bood samples (Diagnostic Technology,

Inc.) are measured in duplicate.

4. Methemoglobin (Met-Hb): Met-Hb is measured by the method of

Dubowski.J / A positive control is made by adding potassium ferricyanide

to control blood.

5. Heinz bodies: Heinz bodies are stained with methyl violet and

the percent of Heinz bodies is calculated.

6. Mean corpuscular volume (1ICV): MCV is calculated as follows:

MCV 3 = HematocrLt x 10

Erythrocytes in millions/mm3
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7. Mean corpuscular hemoglobin (MCHb): MCHb is calculated as

follows:

MCfb (ppg) = Hemoglobin (gm %) x 10
Erythrocytes in millions/mm 3

8. Mean corpuscular hemoglobin concentration (MCHbC): MCHbC

is calculated as follows:

MCHbC (gm %) = Hemoglobin (gD %) x 100
Hematocrit

9. Differential leukocyte counts: Wright's stain is used to

stain the leukocytes for examination.

10. Reticulocyte count: Reticulocytes are counted by the methy-

lene blue method using the Miller disc.4/

11. Platelet count: A Coulter Ele ctronic Particle Counter with

70 A aperture is used.-V Particle-free Isoon is used as diluent and

counted to establish the background. At weekly Lntervals, platelets are

also visually counted in a hemocytometer with a phase microscope for

comparison. /

12. Clotting time (dog and monkey): Clotting time is determined

by the capillary tube procedure using two capillary tubes.Z / The time

elapsed from the appearance of the blood from the animal and coagulation

in either tube is measured.

B. Clinical Blood Tests

The following clinical blood chemistry tests are performed on
all blood samples from dogs and monkeys and on blood samples from rats

at termination.

1. Blood glucose: Fasting blood glucose is determined by Stein's

hexokinase method . Standard glucose solution (Dade) is used to establish
a standard curve. For each assay, one level of the standard and two con-

trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
measured.

2. Serum glutamic-oxaloacetit- traqsaminase (SGOT): SGOT is

measured by the method of Amador and Wacker.!/ Validate and Reference

Serum are used as the enzyme reference for each assay.
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3. Serum glutamic-pyruvic transaminase (SGPT): SGPT is measured

by the method of Henry et al.lW / Validate and Reference Serum are used as

the enzyme reference for each assay.

4. Alkaline phosphatase: Alkaline phosphatase is measured by
the method of Bowers and McComb.A / Validate and Reference Serum are used
as the enzyme reference for each assay.

5. BUN: BUN is measured using the BUN Strate Kit (General Diag-
nostic) which is based on the urease method. 12 / Three levels of Calibrate

(General Diagnostics) are used to establish a standard curve. For each

assay, two controls (Calibrate I and Validate) are used as the reference.

6. Creatinine: Creatinine is measured by a modified kinetic

alkaline picrate procedure.1 / Creatinine Standard Solutions (Sigmi Chemi-

cal Company) are used to establish a standard curve. For each assay, two
levels of the standard and two controls (Calibrate I and Validate) are

used as reference.

7. Lactate dehydrogenase (LDH): LDH is measured by the method

of Wacker et al.I1 Precinorm E and Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. a-Hydroxybutyrate dehydrogenase (a-HBDH): a HBDH is measured
by the method of Rosalki and Wilkinson. L2 Precinorm E and Precipath E are
used as the enzyme controls for each assay.

9. Creatine phosphokinase (CPK): CPK is measured by the improved

procedure of Rosalkil6 / based on the methods of Oliver. 17 / Precinorm E and
Precipath E are used as the enzyme controls for each assay.

C. Urinalysis

Urine samples are collected from animals before and during treat-
ment as are the blood samples. The urine from rats is collected by slight
manipulation of their body, and samples within each group are pooled. The
monkeys and dogs are placed individually in metabolism cages, and urine is
collected in the stainless steel pan. The urine from each dog and the pooled
urine from rats are tested and examined for the following:

1. Protein: Urinary protein is determined with Labstix (Ames
Company, Elkhart, Indiana).

2. Sugar: Urinary glucose and reducing substance are determined
with Labstix (Ames Company).
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3. Microscoyjy exajiiinat ion: Urine samples arv centrifuged and

tbe supernatant discarded. h'l, re.;idiie Is restispend.d .Jl examined micro-

scopically for the presence of erythrocyLe' , lelikoicyts, epithelial cells,

ard crystals tinder high power field and foz casts under low power field.

A positive urine control prepared with known amounts of protein

ard glucose in saline adjusted to pli 6.0 is rua with each assay to check

the reliability of the Labstix.

D. Occult Blood in Feces

Fecal samples are (olte'ted trom nimals before and during
treatment as are the bloot and urine stmple:. Occult blood in the feces

is determined with Hemate,.t Reagent Tablets (Ames Company, Elkhart, Indiana).

A positive control (whole blood) and a negat ive control. (distilled water)

ai e included with each as,;ay to clheck the rt liability of the Hematest

t.Iblets.

E. Precision of Hematology and Clinical Bliod Chemisty Tests

I. Reproducibi litN

For erythrocyte and l eikocytt cout ts, hematocrit, hemoglobin, and

the various clinical blood chemistry tests, the same contiol blood samples

or control standards are ,ised for day-to-da a-,says. nt replication cf
results are excellent and are sutmmarizcd in Table A.

The determination of differential Leukocyte courts and reticulocyte

counts are performed by e:perienced personnel. At weekly Intervals, a blood
sample is counted by two or more personnel to confirm the accuracy of the

counting. Also at weekly intervil, the platelet cowits ,btained from a

Coulter Electronic Particle Counter are compared with the direct visual.
couots in a hemocytometer itsiung a phase microscope.

2. ReproducibiLity Within a Test Day

At monthly intervals, i. blood sample is taken fiom a control dog

aAd six or moie determinations tor erythvocvte, leukocyte, reticulocyte,
!isd platelet (ounts, hemoglobin, and ",:irioii3 clinical blood chemistry tests

-re performed to establish the reprodu,.ibl]Itv within an assay. The rtsults

ore summarizei in Table 13.
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3. Proficiency Test Service

I We subscribe to the Proficiency Test Service of the Institute
for Clinical Science, Hahnemann Medical College, Philadelphia, Pennsylvania

(F. Wim. Sunderman, M.D., Director). On the first day of each month, this

service sends two samples containing two different sera or solutions to all
subscribers for measurements of one or more of the parameters usually analyzed

in clinical laboratories. Participants report their results on a form fur-

nished by the service. On the 15th day of the month, each participant re-
ceives a report from the service which includes: the results of a statistical

analysis of the values reported by all the participating laboratories; a

current review of pertinent methodology; a comprehensive bibliography; and

validation of the results which the participating laboratory reported. This

service enables each participating laboratory to obtain an unbiased and criti-

cal assessment of its proficiency in relation to that of 1,000 or so other

clinical laboratories throughout the country. The service has been in con-

tinuous operation since 1949 and was given endorsement by the American Society

of Clinical Pathologists in 1952 and by the Association of Clinical Scientists

in 1957 and 1968. Our results have been found to be satisfactory and are

summarized in Table C.

I II. HISTOPATHOLOGY

A. Necropsy and Gross Examination

At termination or prior to imminent death, rats are killed with
ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals

that die on tests are kept refrigerated but not frozen until necropsy. The

general physical condition and nutritional status of each animal at the time

of death or termination are observed and recorded. Necropsy is performed as
soon as possible after death. Gross changes of all tissues are carefully
examined and recorded.

B. Organ Weights

The brain, liver, spleen, kidneys, adrenals, thyroids and gonads

are trimmed free from surrounding tissues and weighed. The organ weight to
body weight and/or brain weight ratios are then calculated.

I
I
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C. Tissues for Microscopic Examination

Tissues to be examined include the eye, skin (breast), trachea,

lung, tongue (except rat), salivary gland, liver, gallbladder (except rats),
pancreas, esophagus, fundic and pyloric stomach, duodenum, jejunum, ileum,
cecum, colon, kidneys, urinary bladder, gonads, and accessory organs,
diaphragm and gracilis muscle, anterior pituitary, thyroids/parathyroids,
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats)
and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal
section for rats; coronal sections of cerebral cortex, cerebellum, and
brain stem for dog and monkey), spinal cord (lumbosacral plexus, dog and
.onkey), sciatic nerve and any other structures not mentioned which show
abnormal gross changes.

D. Fixation and Staining of Tissues

All tissues are cut not to exceed I cm in thickness for fixation.
For most tissues, neutral buffered 10% formalin is used. Sufficient volume
of fixing solution is used and the tissues are changed to a fresh solution

after 24 hours. The fixed tissues are processed in an Autotechnicon for
dehydration, clearing, and infiltration and then embedded in paraffin.
Routine H & E staining is used to stain the sectioned tissues for micro-
scopic examination.

Supplementary tissue fixatives and staining techniques may be
employed for more positive identification of special lesions such as calci-

fication, pigments, fat deposition and other abnormal changes.

III. STATISTICAL ANAL"SIS

Data are analyzed statistically usLng the Dunnett's multiple com-
parison procedure following an analysis of variance, 8 / or our modification
ot this procedure for uneven numbers among groups. The chosen criterion
significance is p < 0.05. The means of each group at various intervals
during treatment are compared with pretreatment levels. For most experi-
ments in beagles, three baseline (pretreatment) levels are obtained. The
baseline levels for each animal are averaged and the mean is used in the
analysis. In addition, the means of the various treated groups are compared
with that of the control group at the respective time intervals.
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IV. NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Research Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and PrimeLabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloid/erythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean ± S.D. and the range of the various parameters for the males
and females are summarized in Tables D and E, respectively.

Since September 1971, we have used about 525, 5 to 9 months old,
beagles dogs (AKC registered, Hazelton Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean + S.D.
and the ranges of the various parameters for the males and females are
summarized in Tables H and I, respectively.

During the same period, we have used about 500, 7 to 10 weeks old,
male albino rats (CD? Strain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the peripheral blood elements,
clinical blood chemistry values and the M/E ratio of the bone marrow were
large. The mean ± S.D. and the ranges of the various parameters for these
male rats are summarizec in Table L.

B. Absolute and Relative Organ Weights

Organ weights, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respectively. These were control animals used be-
tween June 1971 and December 1976.

C. Presence of Various Substances in the Urine

Various substances occasionally occurred in the urine of monkeys,
dogs and rats. The results are summarizee in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i.e., 34.7% to 52.0%.
Other substanc ,s oc(irr(od In 8.17 or los; of the 'irtne !;mples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
were present in 19.1 to 21.6%, 16.5 to 19.8%, 22.6 to 24.6% or 24.7 to 25.7%,
respectively, of the samples from dogs collected for analysis. Glucose,
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crystals, and casts occurred in less than 2% of these samples. Some dogs

had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence o1 some of these substances in

the urine of these dogs might be due to contamination with the fecal material

and traces of blood dropped in the cage. Syecial care to avoid contamination

has been undertaken.

In rats, large percentage of urine samples contained protein, i.e.,
29.8 to 36.0%. A few samples contained erythrocytes, leukocytes, epithelial

cells and crystals.

D. Occult Blood in the Feces

Less than 10% of the feces samples from monkeys or dogs was positive

with the Hematest for occult blood. The results are summarized in Table 0.

V. REFERENCES

1. Brecher, G., M. Schneiderman, and C. Z. William: Evaluation of the

Electronic Red Cell Counter. Am. J. Clin. Path., 26: 1439, 1956.

2. Selegson, D.: Standard Methods of Clinical Chemistry, Academic Press,

Inc., New York, Vol. 2, p. 52, 1958.

3. Dubowski, K. M.: Measurement of HemogLobin Derivatives in Hemoglobin,
Its Precusors and Metabolites. (F. 4. Sunderman and F. W. Sunderman,

Jrs., eds.), J. B. Lippincott Companri, Philadelphia, p. 29, 1964.

4. Brecher, G., and M. Schneiderman: A Time-Saving Device for the Count-

ing of Reticulocytes. Am. J. Clin. Path., 20: 1079, 1950.

5. Bull, B. S., M. A. Schneiderman, and G. Brecher: Platelet Counts With

the Coulter Counter. Am. J. Clin. Path., 44: 678-688, 1965.

6. Brecher, G., M. Schneiderman, and E. P. Cronkite: The Reproducibility

and Constancy of the Platelet Count. Am. J. Clin. Path., 23: 15,

1953.

7. Hepler, 0. E.: Manual of Clinical Labo-atory Methods, p. 83, Charles C.
Thom; s, Springfield, Illinois, 1935.

8. Slein, M. W.: Methods of Enzymatic Ana ysis (Bergmeyer, H. U., ed.),
p. 117, Academic Press, New York, 196,.

162



9. Amador, E., and W. E. C. Wacker: Serum Clutamic-Oxaloacetic Trans-

aminase Activity: A New Modification and an Analytical Assessment
of Current Assay Technics. Cln. Chem., 8: 343, 1962.

10. Henry, R. J., N. Chiamori, 0. J. Golub, and S. Berkman: Revised
Spectrophotometric Methods for the Determination of Glutamic-
Oxaioacetic Transaminase, Glutamic-Pyruvic Transaminase, and
Lactic Dehydrogenase. Am. J. Clin. Path., 34: 381, 1960.

11. Bowers, C. N., Jr., and R. B. McComh: A Continuous Spectrophotometric
Method for Measuring the Activity of Serum Alkaline Phosphatase.
Clin. Chem., 12: 70, 1966.

12. Chaney, A. L., and E. P. Manback: Modified Reagents for Determination
of Urea and Ammonia. Clin. Chem., 8: 130, 1962.

13. Lustgarten, J. A.: A Simple, Rapid, Kinetic Method for Creatinine
Concentration. Clin. Chem., 18: 1419, 1972.

14. Wacker, W. E. C., D. D. Ulmer, and B. L. Vallee: Metalloenzymes and
Myocardial Infarction. II. Malic and Lactic Dehydrogenase Activities

and Zinc Concentrations in Serum. New Eng. J. Med., 225, 449, 1956.

15. Rosalki, S. B., and J. H. Wilkinson: Reduction of a-Ketobutyrate by
Human Serum. Nature (London), 1 1110, 1960.

16. Rosalki, J. B.: An Improved Procedure for Serum Creatine Phosphokinase
Determination. J. Lab. Clin. Med., 69 696, 1967.

17. Oliver, I. T.: A Spectrophotometric Method for the Determination of
Creatine Phosphokinase and Myokinase. Biochem. J., 61, 116, 1955.

18. Dunnett, C. W.: A Multiple Comparis n Procedure for Comparing Several
Treatments with a Control. J. Am. Stat. Assoc., 50: 1096-1121,
1955.

163



TABLE A

REPRODUCIBILITY AMONG TEST DAYS ON TiE

SAME CONTROL SAMPLES OR STANDARDSP-

No. of
Determinations Mean ± S.D. Range

Erythrocytes (x 106 /mm3)
Normal level 20 4.51 + 0.07 4.36 - 4.67
Abnormal level 20 2.32 ± 0.04 2.25 - 2.40

Hematocrit (vol %)
Normal level 20 44.3 ± 0.40 44 - 45
Abnormal level 20 22.8 ± 0.60 22 - 24

Hemoglobin (gm Z)
Normal level 20 14.2 ± 0.20 13.6 - 14.5

Abnormal level 20 7.4 ± 0.20 6.9 - 7.8
Leukocyte Counts (x 103 /mm3 )

Normal level 20 7.3 ± 0.50 6.8 - 8.7
Abnormal level 20 17.6 ± 0.80 16.3 - 18.7

Fasting Blood Glucose (mg %) 20 163.0 ± 7.5 151 - 178
SGOT (IU/i) 23 61.7 ± 3.9 55 - 68
SGPT (IU/f) 23 51.3 + 2.6 46 - 55

Creatinine (mg %) 18 2.2 ±0.3 1.6 - 2.6
BU in (mg %) 19 9. ± 0.2 9.5 - 10.2
Bilirubin (mg %) 11 0.8 ± 0.1 0.8 - 1.0
Alkaline Phosphatase (U/f) 22 71.6 ± 5.4 62 - 80
CPK 11 153.0 ± 7.7 139 - 161
LDH 9 98.0 + 2.4 95 - 101
HBDH 3 226.0 ± 7.2 214 - 238

a/ Performed in December 1976.
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TABLE B

REPRODUCIBILITY WITHIN A TEST DAY5 ON THE SAME SPECIMEN !

Mean f S.D.!! Range

Erythrocytes (x 106 /mm3 ) 5.90 ± 0.14 5.73 - 6.08

Reticulocytes (%) 0.63 ± 0.12 0.44 - 0.79
j Hematocrit (vol %) 46.8 ± 0.6 46.0 - 47.5

Hemoglobin (gm %) 16.1 ± 0.2 15.8 - 16.1
Platelets (x 105/mm3) 1.56 ± 0.07 1.49 - 1.66
Leukocytes (x 103/mm3 ) 10.8 * 0.4 10.2 - 11.3

Bands (%) 0 ±0 0 - 0
Neutrophils (%) 64.3 ± 3.1 61 - 69
Lymphocytes (%) 29.0 ± 4.9 23 - 35
Eosinophils (%) 3.2 0.8 2 - 4

Basophils (%) 0 0 0 - 0
Monocytes (%) 3.4 ± 0.9 3 - 5
Atypical (%)0 0 0 - 0

Nucleated RBC (%) 0 ± 0 0 - 0
Methemoglobin (gm %) 0 * 0 0 - 0
Fasting Glucose (mg %) 96.7 + 3.0 32 - 101
SGOT (IU/P) 23.2 * 2.8 21 - 28
SGPT (IU/J) 25.3 ± 2.1 24 - 28

Creatinine (rag %) 0.6 ± 0.1 0.5 - 0.6
BUN (mag %) 9.0 ± 0.0 9 - 9
Alkaline Phosphatase (IU/e) 63.5 ± 1.1 62 - 65

CPK 44.0 ± 1.6 43 - 46

LDJ 38.5 ± 1.6 37 - 40
HBDH 42.0 ± 1.6 40 - 43

a/ Performed in October 1976.
b/ Six determinations from an adult beagle blood sample.
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TABLE C

PROFICIENCY TEST SERVICE (PTS) REPORTS (1975-1976

Participating

Laboratories
MRI PTS (10-90 Percentiles) Acceptable

Unknowns Results Results Yedian Mean Performanceb /

Hemoglobin 13.8 gm % 13.8 13.8 13.8 13.6 - 14.0

18.1 gm % 17.9 17.9 17.8 17.6 - 18.2

Serum Protein 6.6 mg % 7.1 7.0 7.0 6.7 - 7.3

Fasting Glucose 272.0 mg % 264.5 266.0 263.0 240 - 290

229.0 mg % 221.4 220.5 222.5 200 - 240

BUN 12.1 mg % 12.0 12.0 12.2 11.0 - 13.0

38.4 mg % 40.1 40.3 39.2 36.0 - 44.0

C-eatinine 1.0 mg % 1.0 1.0 1.0 0.8 - 1.3

4.3 mg % 4.4 .5 4.4 3.9 - 4.9

Bilirubin 3.9 mg % 4.16 4.15 4.14 3.5 - 4.6

1.3 mg % 1.78 1.80 1.77 1.5 - 2.1

Cholesterol 175.0 mg % 161.4 16L.0 162.0 145 - 175
100.0 mg % 109.8 10).4 111.0 98 - 120

Ca 15.7 meq/f 15.4 15.4 15.3 14.1 - 16.4

9.5 meq/f 9.8 ).8 9.8 9.2 - 10.3

Na 156.0 meq/f 155.8 156.0 155.5 153 - 158

K 7.3 meq/( 7.5 7.5 7.5 7.3 - 7.7

CL 96.0 meq/f 97.8 93.0 97.5 96 - 101

78.0 meq/ 79.4 79.0 80.0 77 - 83

M; 1.0 meq/f 1.1 L.1 1.2 0.9 - 1.4
1.9 meq/f 2.0 2.0 2.1 1.8 - 2.3

a/ To date, we have received unknowns lor p'osphorus, uric acid, and serum
iron. We do not routinely perform these determinations.

b/ Based on values submitted by participant3 by 1Oth of month.
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TABLE F

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS MONKEYSa/

Absolute
Organ Weight Mean ± S.D. Range

Liver (gm) 82 ± 17 64 - 122
Spleen (gm) 4.6 ± 1.8 2.0 - 9.3
Kidneys (gm) 15.1 ± 3.8 8.0 - 22.0
Adrenals (gm) 0.73 ± 0.15 0.45 - 0.86
Thyroids (gm) 0.57 ± 1.30 0.37 - 0.81
Testes (gm) 1.29 ± 0.67 0.53 - 3.30

Relative (per kg body weight)

Mean ± S.D. Range

Liver (gm) 23.4 ± 2.5 18.8 - 30.4
Spleen (gm) 1.25 ± 0.47 0.57 - 2.38
Kidneys (gm) 4.13 ± 0.92 2.20 - 6.43
Adrenals (mg) 201 ± 44 129 - 254
Thyroids (mg) 154 ± 42 86 - 250
Testes (gm) 0.34 ± 0.11 0.18 - 0.53

a/ Data collected between September 1971 and December 1976 from 17
monkeys weighing 3.71 ± 0.48 kg, used as control animals.

169

.1

I.



TABLE G

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE RHESUS MONKEYSa!

Absolute

Organ Weight Mean ± S.D. Range

Liver (gm) 83 ± 17 64 - 122

Spleen (gin) 3.8 ± 1.4 2.0 - 6.0

Kidneys (gm) 14.5 ± 2.8 11.0 - 20.0

Adrenals (gin) 0.68 t 0.16 0.53 - 1.14

Thyroids (gm) 0.60 ± 0.20 0.37 - 1.11

Ovaries (gin) 0.28 t 0.10 0.14 - 0.45

Relative (per kg body weight)

Mean t S.D. Range

liver (gm) 25.4 ± 5.8 19.2 - 37.4

Spleen (gm) 1.16 ± 0.49 0.60 - 1.89

Kidneys (gm) 4.40 ± 0.86 3.20 - 6.25

Adrenals (rag) 212 ± 80 138 - 438

Thyroids (mg) 173 ± 66 97 - 346

Ovaries (mg) 82 ± 28 43 - 140

a/ Data collected between September 1971 and December 1976 from 11

monkeys weighing 3.39 - 0.58 kg, used as controls.
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TABLE J

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE BEAGLE DOG -

Absolute

0r n Wigh Mea__ !.-S_. D. Ra-qe

Liver (gin) 264 ± 51 166 - 384

Spleen (gm) 58 ! 25 22 - 161

Kidneys (gm) 53 ! 10 32 - 71

Adrenals (gin) 1.12 ± 0.26 0.74 - 1.75

Thyroids (gm) 1.03 ± 0.32 0.55 - 2.50

Testes (gm) 6.60 ± 4.56 1.32 - 18.00

Relative (per kg body weight)

Mean ± S.D. Range

Liver (gm) 27.9 ± 4.2 19.6 - 42.3

Spleen (gm) 6.0 t 2.0 2.8 - 12.5

Kidneys (gm) 5.6 ± 0.8 4.0 - 7.7

Adrenals (mg) 117 ± 25 70 - 165

Thyroids (rag) 108 ± 34 56 - 211

Testes (gm) 0.67 ± 0.39 0.13 - 1.67

a/ Data collected between September 1971 and December 1976 from 51 do,;s,

weighing 9.3 ± 1.8 kg, used as contrAL animals.
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TABLE K

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE BEAGLE DOCSa !

Absolute

Organ Weight Mean ± S.D. Range

Liver (gm) 218 ± 51 106 - 322
Spleen (gm) 48 ± 21 16 - 103

Kidneys (gin) 43 ± 9 24 - 71

Adrenals (gin) 1.04 ± 0.26 0.49 - 1.65

Thyroids (gin) 0.88 ± 0.25 0.55 - 1.91

Ivaries (gm) 0.74 ± 0.24 0.38 - 1.27

Relative (per kg body weight)
Mean ± S.D. Range

Liver (gin) 28.2 ± 5.0 20.7 - 38.8

:;pleen (gin) 6.0 ± 2.3 3.1 - 10.9

Kidneys (gin) 5.5 ± 0.9 3.7 - 7.9

Adrenals (rag) 135 ± 35 67 - 215

Thyroids (ing) 112 ± 31 75 - 219

)varies (mg) 96 ± 33 54 - 222

a/ Data collected between September 1971 and December 1976 from 49 dogs,

weighing 7.7 - 1.5 kg, used as control animals.
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TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINO RATSa/

Absolute
Organ Weight Mean ± S.D. Range

Liver (gin) 10.89 ± 2.87 7.18 - 15.09
Spleen (gm) 0.65 ± 0.11 0.34 - 0.89

Kidneys (gin) 2.64 ± 0.37 1.84 - 3.58

Adrenals (mg) 63.6 ± 9.5 21.9 - 73.5

Thyroids (mg) 26.3 ± 5.8 14.3 - 37.7

Testes (gin) 2.98 ± 0.51 1.76 - 3.81

Relative (per 100 gm body weight)
Mean ± S.D. Range

Liver (gin) 2.96 ± 0.42 2.09 - 4.01

Spleen (gin) 0.19 ± 0.08 0.10 - 0.30

Kidneys (gm) 0.76 ± 0.10 0.22 - 0.88

Adrenals (mag) 18.6 ± 5.8 5.8 - 22.4

Thyroids (mg) 7.6 ± 2.7 4.2 - 12.7

Testes (gin) 0.87 ± 0.15 0.23 - 1.09

a/ Data collected between September 1971 and December 1976 from 139 rats,
weighing 352 ± 59 gm, used as control animals.
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TABLE 0

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE

AND FEMALE MONKEYS AND DOGS

Species: Monkeys __ _ Dogs

No. of Animals: 44a/  8 lie,' 30

No. of Collections: 44 4811/ 118 15___

Occult Blood: Negative 90.9 (40)-0 95.8 (46) 94.1 (111) 91.7 (143)

Positive 9.1 (4) 4.2 (2) 5.9 (7) 8.3 (13)

a/ Baseline data collected from all animals employed between July 1974 and

December 1976.

b/ Data collected at weekly intervals for 4-7 collections from controls

employed between July 1974 and December 1976.

c/ Percent of total (number of samples).
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STUDY OF DEVELOPMENTAL TOXICITY

j 1. INTRODUCTION

The thalidomide catastrophe provides an unfortunate example of

the need for reliable information concurning the effects of agents on human
development. Prospective and retrospective epidemiological studies are the

only ethical procedures currently available to obtain this information in
humans. There are, however, a variety of protocols available to obtain pre-

liminary developmental toxicity information in animals. This preliminiary

animal information can be used to form the basis from which it is possible

to evaluate the risk of exposing the human population to potentially toxic

agents.

The purpose of this manual is to describe the protocol used in
our laboratory to obtain developmental :oxicity information. Sections,
in addition, are included which discuss both the statistical analysis and
interpretation of the data. A working definition of common anomalies is
presented. These studies 3re based on "The Guidelines for Reproduction
Studies for Safety Evaluation of Drugs for Human Use" distributed by the

U.S. Food and Drug Administration, 1966, and "The Testing of Chemicals
for Carcinogenicity, Mutagenicity, and Feratogenicity" distributed by the

Ministry of Health and Welfare, Canada, 1973.

II. PROTOCOL FOR STUDY OF DEVELOPMENTAL TOXICITY

A. Fertility and General Reproductive 'erformance Study

1. Objectives

The emphasis in this phase is placed on determining the effect of
an agent on gonadal function, estrus cycle, mating behavior, conception
rates, and the early stages of development. This study serves as an overall
pilot screening of the agent on the entire reproductive process including
organogenesis, late stages of gestation, parturition, and lactatioui. The
results obtained from this phase serve as a guide for conducting subsequent

studies in greater depth.

2. Method

The rat is the animal generally used for this study and both males
and females are used to provide an adequate study of fertility. Male rats,

I



at least 40 days o. age, are treated for 60 to 80 days prior to mating

to determine if the agent affects spermatogenesis. Male animals from '

subacute or chronic toxicity studies may be used and each male, from a group

of at least 10 animals, is bred with two non-treated females. Each male is

exposed overnight to females in proestrus or early estrus until (1) a male

mates with two females or (2) a male is exposed, on at least three different

occasions, to a total of at least five receptive females. A female is con-

sidered receptive if there is an estrousvaginal smear the morning following

exposure. This procedure minimizes attributing male infertility to sexual

inexperience.

Sexually mature female rats are treated for at least 14 days prior

to mating with untreated males. The stages of the estrous cycle are determined

by vaginal smears to verify that the animals cycle normally and to detect pos-

sible treatment effects on the duration of the estrous cycle. The occurrence of

copulation is established by daily vaginal inspection for the presence of

sperm. The day on which evidence of copulation is discovered is identified

as being day 0 of gestation. Confirmation of pregnancy, however, is not

obtained until the animal is sacrificed on day 13 of gestation or delivers

a litter at the end of gestation. Females treated prior to mating are
continued on the same treatment schedule until the time of sacrifice.

Half of the females from each group are sacrificed on day 13 of
gestation. The dams are examined for number of corpora lutes and implan-
tation sites, number and distribution of embryos in each uterine horn, pre-
sence of empty implantation sites, embryos undergoing resorption, and any
abnormal conditions. The following parameters are determined:

a. Number of viable litters (litters with one or more
viable implants)

b. Corpora lutea/dam

c. Total implants/dam

d. Viable implants/dam

e. Indexes of

(I) Fertility: confirmec pregnancies/sperm positive
females

(2) Gestation: confirmec pregnancies with viable
fetuses/confirmed pregnancies

(3) Implantation: implants/corpora lutea
(4) Implant viability: viable fetuses/implants

The remaining dams are allowed to deliver and the litters are examined at
birth, day 4, and day 21. The litters are examined for number, weight,

mortality, and abnormalities of the pups. The following parameters are

determined:
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a. Number of viable litters (litters with one or more
viable pups)

b. Pups/dam

c. Weight of pups

-- d. Indexes of

(1) Fertility: confirmed pregnancies/sperm positive

females

(2) Gestation: confirmed pregnancies with viable

fetuses/confirmed pregnancies

(3) Implant viability: viable pups/implants

(4) Viability: pups alive at day 4/pups alive at birth

(5) Lactation: pups alive at day 21/pups alive at

day 4

B. Teratology Study

1. Objectives

The objective of this phase is to determine if an agent has a

potential for producing embryotoxicity and/or teratogenicity. Treatment,

therefore, is restricted to the period of organogenesis. Dosage may be

high during this brief treatment period in order to obtain results con-

cerning teratogenic potential and risk.

2. Method

Two species of animals are employed in this test. The species most

frequently used are the mouse, rat, and rabbit. Drug treatment covers the

period of organogenesis which is day 6 tnrough 15 of gestation for the mouse

and rat and day 6 through 18 for the raboit.

Sexually mature virgin mice are obtained from reputable suppliers

and conditioned in our animal quarters for 10 days. The conditioning period

permits the animals to stabilize and establish regular estrus cycles of 4 to

5 days in duration. Females are placed overnight with a non-treated proven

male breeder and examined the next morning for evidence of copulation.

Successful mating is identified by the presence of a vaginal copulatory plug.

The day that plugs are discovered is identified as day 0 of gestation. Mice

are sacrificed on day 18 of gestation for fetal examination.

Sexually mature virgin female rats are obtained and conditioned as

previously described for mice. Females ire examined by vaginal lavage late

in the afternoon for signs of proestrus (75-90% of nucleated epithlial cells).

Females in proestrus are placed overnight with an experienced male. The

following morning, females are examined for sperm or the presence of a vaginal
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plug. The plug, however, is not as reliable an indicator of successful

mating in rats as it is in mice. Rats are sacrificed on day 20 of gestation
and examined for fetal anomalies.

Virgin female rabbits, 6 to 8 months of age, are obtained from com-

mercial sources and are conditioned for 18 days in our animal quarters.

Ovulation is induced by the intravenous administration of 1 mg/kg pituitary
lutenizing hormone. Fomales are artificially inseminated within 1 hour by

the method of Gibson, et al.I/ Fetuses are delivered by cesarean section
on days 27 to 28 of pregnancy and examined for anomalies.

Mouse, rat and rabbit dams are sacrificed by CO2 anesthesia prior

to delivery since many animals tend to cannabilize their defective offspring,

A laparotomy is performed and the uterine horns are exposed. The number of
corpora lutea and number and position of live, dead, and resorbed fetuses is

recorded. The umbilical cord is clamped and severed distally in order to

prevent biood loss. Fetuses are removed, weighed and immediately examined
by experienced personel for external anomalies as fully described by Wilson.1/

One-half of the rodent fetuses from each litter are dissected and
examined for soft tissue anomalies by the free-hand slicing method of Wilson.2/

Each fetus is fixed in 20 to 25 ml of Bouins fluid for 2 weeks. The hardened

fetuses are examined for external anomalies and serially cut from the head
through the trunk into I mm thick sections using a sharp razor blade. No

slices are made beyond the kidneys and the intestines are carefully removed
from the pelvic cavity. The cross sections of the fetuses and the genito-
urinary organs on the pelvic floor are carefully examined by experienced per-

sonnel. The remaining fetuses from each litter are processed for skeletal

examination. Fetuses are fixed in 70% alcohol for 2 weeks and eviscerated.

The fetuses are stored in 1% KOH for 2 days and then stained with alizarin

red.! / After differential decolorization, the skeletons are examined by

experienced personnel for anomalies. For rabbits, all fetuses are examined

for both soft tissue and skeletal defects.

C. Perinatal and Postnatal Study

1. Objectives

The purpose of this phase of the protocol is to determine the effect

of drugs administered during the last third of pregnancy and the period of

lactation. The specific areas of study are the drug effects on late fetal

development, labor and delivery, lactation, neonatal viability, and growth of

the newborn.
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1- 2. Method

The conditioning, mating, and establishment of pregnancy in rats and

_. mice are as previously described. The drug is administered to the dam during

the final one-third of gestation and continued throughout lactation to wean-

ing. The test compound is incorporated into the diet and a pair-fed control

.. group, whose food intake is limited to the least amount of food consumed by

the treated group, is included in the study. Treatment in rats and mice is

initiated on day 16 of gestation and continued until the pups are weaned at

21 days of age. Labor and delivery are observed whenever possible and any

signs of abnormal, prolonged, or delayed labor are carefully noted. The

duration of gestation is calculated for each mother in all groups. The lit-

ters are examined as soon as possible after delivery, and at 4 and 21 days of

age. The examination of the pups is conducted with a minimum disturbance of

the mother. The following information is recorded for all the litters in

each group:

a. Litter size

b. Number of stillborn and live born

c. Anomalies of dead and live pups

d. Number and weight of pups at 4 and 21 days of age

e. Indexes of

(1) Fertility7 confirmed pregnancies/sperm positive

females

(2) Gestation: confirmed pregnancies with viable

fetuses/confirmed pregnancies

(3) Viability: pups alive at day 4/pups alive at birth

(4) Lactation: pups alive at day 21/pup alive at day 4

III. STATISTICAL ANALYSIS OF DATA

Two important considerations ii performing a valid statistical

analysis are the determination of the sample size and the selection of
appropriate statistical tests. In a study of developmental toxicity
the sample size is determined by the selectionof experimental units. The

litter, rather than individual fetu3es, is considered to be the unit of

observation for our studies since the dain is the unit of treatment and the

fetal response is dependent, to some! degree, on maternal i~fluences.

The data collected fall into t'.o categories. The first category

is enumeration or discontinuous data. E-.amples of discontinuous data are

the number of sperm positive animal, witit evidence of conception, mortality,

and indexes of fertility and gestat:.on. The Fisher Exact Probability Test
4 /
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is the test of choice to evaluate the significance. Such enumeration data
are reported with the exact 95% confidence limits.

The second category is quantitative or continuous data. Examples

of continuous data are body weight, food consumption, and the remaining in-
dexes. Such quantitative data are reported as the mean h the standard error

5/(S.E.). These data are analyzed by Bartlett's test- for homogeneity. The
tests of significance for homogeneous data are either Dunnett's procedure

(one control group) or Tukey's omega procedure (more than one control group).
If heterogeneity is indicated, then significance is based on multiple com-
parisons with the nonparametric rank tes..t/ The level of significance is

selected as P < 0.05.

IV. INTERPRETATION OF DATA

A. Phases of Fetal Development

The development of an adult organism from a single cell may be
divided into six phases.Z / The first phase of development, gametogenesis,

involves the growth and maturation of the egg and sperm. The gametes fuse
during the second phase of development and the quiescent egg is activated to
continue its developmental program. Cleavage, the third phase of development,
encompasses a period of rapid cell division without a significant change in
embryonic size or cellular differentiation. The embryo, at the end of cleav-
age, is referred to as a blastula and consists of a layer of cells, the
blastoderm, surrounding a cavity, the blastocoele. The embryo attaches to

the uterine wall and begins the process of placentation at the blastula
stage. Gastrulation is the fourth developmental phase and involves the forma-
tion of germinal layers from the blastoderm. Primary organ rudiments are

derived from the germinal layers during organogenesis, the fifth phase of

development. The sixth phase of development is a period of growth and histo-
logical differentiation. The organ rudiments grow during this period and
acquire the structure and biochemical properties characteristic of adult
tissues. Organs grow by increasing both the number and size of cells. Tis-
sue specific characteristics are established by a differential expression

of the genetic information.

Treatments may affect the various phases of both animal and human

development. The protocol used in our laboratory is designed to determine
the developmental toxicity of a treatment in laboratory animals. The various
parameters used to measure developmental toxic-ty help to determine if an

agent affects any of the six developmental pha ;es previously described.
Since it is not practical to study each phase of development separately, the
various phases are combined into periods of sttdy. The units of study are
the pre-implantation period (phases 1-3), post-implantation period (phases

3-5), and the period of differentiation (phase 6).
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The dam and developing animal represent an integrated unit during

the time of treatment. Effects which are observed in the developing animal,

therefure, may be due to toxicity of the treatment in either the dam or
developing animal. As development progresses it becomes more difficult to

attribute an effect to a single period of study or treatment.

B. Fertility and General Reproductive Performance Study

The fertility and general reproductive performance study involves

treating females during all six phases of development and treating males

only during the period of gametogeaesis. The effect of the treatment in

females is studied at mid-gestation and after delivery. Males, on the other

hand, are mated with normal females and treatment effects are studied in

these females at mid-gestation and after delivery.

Some females are examined at mid-gestation and the various para-

meters previously described are recorded. The number of corpora lutea are

counted by gross inspection and this vaLue provides a measure of the ova

released during ovulation. The number of implantations is used as a measure

of the fertilized ova that developed to a stage where an attachment to the

uterine wall is obvious at the time of inspection. The observations are

summarized in the form of indexes, The fertility index is the percentage of

mated females that are pregnant. A reduction in this index reflects pre-

implantation losses. The implantation index is the percentage of ova that

implant and it also provides a measure of pre-implantation losses. The
implant viability index is the percenta,,e of implants which appear normal at

the time of examination. A reduction in this index serves as an indication

of post-implantation losses. The gestation index is the percentage of pregnant

females with one or more viable embryos and provides a measure ot post-

implantation survival.

Some females are examined after birth and the growth and develop-

ment of the pups is recorded as previously described. Effects observed at

this time may have been produced at any of the six developmental phases.

The observations are summarized in the form of indexes. The fertility index
provides a measure of pre-implantation losses. The gestation and implant

viability indexes calculated on the basis of pups rather than embryos, pro-

vide an indication of post-implantation losses. The viability index is the

percentage of live-born pups which surviie to day 4. A reduction in this index
reflects an etfect at the post-implantation or differentation period since

normal pups can survive for brief periods without maternal care. The lac-

tation index is the percentage of pups a'.ive on day 4 which survive to day 21

and is a measure of effects occuring during the period of treatment. &

reduction in this index reflects an impazred ability of the mother to nour-

ish the young, the passage of toxic material to the young through the milk,

and/or the manifestation of a developmental defect.
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Effects observed at the kn.id-gestation or postnatal examination in

females mated with treated maIes are indicative of toxicity produced during

spermatogenesis, the first phase of deveiopment. Abnormalities in sperm

may be manifested at any of :he developmental stages beginning with fertili-

zation. The previously described parameters are used to identify these

effects.

C. Teratology Study

The teratology study involves treating pregnant females during the
period of organogenesis and observing fetuses prior to term in order to

identify possible effects on development. Treatment of rodents from day 6

through 15 of gestation roughly corresponds to developmental stages 3 to 5

which are in the post-implantation period. If evidence of toxicity is

observed during fetal examination, then a primary effect was produced at
any of these stages. The primary effect may be compounded into a series

of secondary effects as development progresses.

Malformations may fall into three groups. 8. / The first group is
common variations and includes retarded ossifications. The second group

is minor anomalies and refers to effects such as malformed sternabrae,

wavy ribs, and supernumerary ribs. The third group is major malformations

and includes anomalies which seriously affect the growth and survival of

the offspring. Malformations are not equally significant or useful in

interpreting or extrapolating animal experimental studies to man. Anomalies

such as supernumerary ribs and decreased or abnormal sternal ossification

patterns, for example, might be of little importance both to the animal and

to attempts at predicting toxicity in humans. Malformations of doubtful

significance include curly tail, straight legs, malrotated limbs and paws,

wrist drop, protruding tongue, enlarged atria and/or ventricles, abnormal

renal pelvic development and translucent skin.

The defects are reported as an anomaly index. The percent of the

fetuses with a given defect is calculated for each litter and these values

are then averaged and presented as the mean + standard error (S.E.). The mean

value provides a measure of the affected fetuties per litter for the group

and the standard error provides an estimation of the distribution of the

effect between litters within the group.

D. Perinatal and Postnatal Study

This study involves treating the dam during both the later portion

of developmental phase 5 and most of phas# 6. The growth and development of

the pups is observed to monitor possible develbpmental toxicity. The various
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I
indexes which are used to summarize these observations are discussed above

in the section on Interpretation oC the Fertility and Ccneral Reprodiictive

Performance Study.

V. DISCUSSION OF PROTOCOL

A variety of experimental protocols are available to obtain infor-

mation concerning the effects of agents on reproduction and development. An

aim of these animal studies is to provide information concerning the risk

of exposing the human population to chemical agents. The procedure used in

our laboratory to obtain this information complies with the FDA guidelines

for general reproduction, teratology, and perinatal and postnatal studies.

There are problems associated with conducting and evaluating the results.

A. Problems Conducting Protocol

I. Selection of Test Animal

The ideal test animal should (1) absorb, metabolize and eliminate

the test substance the same way as humans, (2) transmit the substance and

its metabolites to the developing animal at the same rate as humans, and

(3) have embryos, fetuses, and neonates with the same development schedules

and metabolic pathways as the developing human. The existing comparative

data is insufficient to determine which animal species is most like man in

any of these characteristics. The currently available information, however,

indicates that no presently used species, including simian primates, is like

man in all of these respects. 2 / The degree of similarity to man that a given

species exhibits may vary from one test substance to another. The above

criteria for an ideal test animal should be considered, as far as the avail-

able information permits, in the selection of test species. The advantages

and disadvantages of species commonly used for these tests are:

a, Mouse: The mouse is inexpensive to maintain in large

breeding colonies and its embryology is well documented. Small size with

a limited supply of tissues and body fluids is a disadvantage in the examina-

tion of fetuses for defects and in studies on absorption, metabolism, and

excretion of chemical agents. Mice respond to some substances that have

limited teratogenicity in other animals and have earned the reputation for

unusual sensitivity to teratogens.-

b. Rat: The rat has a convenient size for evaluation and

analytical purposes, high fecundity, and a low incidence of spontaneous

malformations. There is, however, no adequate single source of information

on rat embryology, although this information is covered in numerous research

papers.
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c. iar>t: li-arve size of this species permits the col-

lection ot Iarte -L -uits ot: oA uicls and tissues for analysis. Disease

and parasites ore- co nigh reproductive performance in some

laboratories and goa o' are not universally available. The

embryology -Is floi o r rabbits but is adequate for most pur-

Poses. Since this Wp_-Lo w Mfnjg the first animals to respond teratogeni-

cally to thalidomije, r't .eo n credited with greater similarity in

teratogenic sestv:vto :a snis warranted. There is no reason to re-

gard the rabbit racther vnm a-ious species of rodents, which are their

close relatives, as a molldtest animal for evaluating the teratogenic

risk of agents in humans.

2. Selection 1F s

Problems assoc' n :,- selecting the dosage are the route, amount

and duration of treacec ofu '~ ~atc administering test substances

to animals by~ the sar'e rou tnot :iil be used clinically is sound. If

animals are treatca oral',, a short period of time, as in teratology

studies, then gastric gvei, _o crre to incorporating the agent into

the diet. A stomach tube _nec accura--e administration of a dose

and eliminates the variables of Eood wastage and possible chemical change

as a resuLt of exposc re to il -,vr and o-her dietary ingredients. Pro-

longed treatment of animals '-,,7ri gavage is not practical, however,

due to the increased risk olf v-ium rind expe-se as3ociated with daily animal

treatments. Agents incorporate-d into an animal's liet may alter the nor-

mal food intake as a result oie ffect on .7poetize or a disagreeable odor

or smell. Pair Eeeding, th cris required to determine the effect of

reduced feed consuraption on e'-whand development.

The dose levels should ncdea dose wh:-ch produces maternal toxi-

city. The rationile :or cc citti ose is to ensure that a maternal

response is produced. Mare-c'a! tcxicitvy may be measured in terms of letha-

lity, weight Loss or any othecr n -Fj-neter that is rtelated to treatment. if

development is disrupred at Joses jhich -roduce raat~ernal toxicity, then

lower doses shoui.d ') sav.idied 4n crdor to identify a dose below which no

effect is observed on dviten. The idertkficarion of a dose which pro-

duces neither adult nor deveLopttental toxicit-! is of value in estimating

a safe dose for humans.

Animals are t- ,3 d cnngotvarious plases of development in
this protocol to determine te esfect of the aigent on development. A

treatment schedule which involvos prolinged drug e-xposure presents three
basic problems wimich, ifr-Le~cr Vs cn~al level cf drig exposure and the detec-
tion of developme-iral to-xir L:' , i, s prolonged .rug exposure may increase
the activity of z-ie dg ii~ ' ig enzvmes whici are responsible for the
biotransformation of eirdtf 7e metabolism of the test compound, there-

fore, is increased; mate'rrial K>.c levels of the ps, rent compound are decreased;
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and maternal exposure to metabolites may be increased. Second, prolonged
drug exposure may produce Liver and/or kidney damage. A reduction in the
functional capability of the liver reduces the biotransformation of the test
compound while impaired kidney function may reduce the elimination of the

drug from the body. Third, if a compound is administered during the early

portion of gestation, then implantation and early embryonic survival may
be impaired. The presence of small litter size and a high degree of re-

sorption prevents the detection of teratogenic effects.

The length of gestation in most experimental animals is short
compared to that of humans. Treating experimental animals during gesta-

tion may not produce tissue levels which could occur from more prolonged
drug exposure as in human pregnancy. This difficulty can, in some cases,

be overcome by increasing the dose, but problems may arise if the drug is

poorly absorbed or degraded prior to absorption.

3. Determination of Feed Consumption

Animals may be treated during developmental toxicity studies by

incorporating the test compound(s) into their diet. The compounds may
represent either a fixed or variable percent of the diet. Since feed con-

sumption varies during gestation and lactation, it is advisable to admini-

ster the drug as a variable percent of the diet in order to administer a

constant amount of drug. The drug intakc can be calculated from the per-

cent of the drug in the diet and the amount of feed consumed. Thus, an
accurate estimation of feed intake is imperative.

Accurate measurement of feed intake in laboratory animals, es-

pecially in rodents, is difficult due to spillage. Feed can be given to

rats in stainless steel diet feeders (Model HB-69, Hoeltge, Cincinnati,

Ohio) and to mice in stainless steel compartment feeders (Lab Products Inc.,

Garfield, New Jersey) which are designed to eliminate spillage. In most
cases, these feeders are spill-proof; however, animals occasionally ac-

quire the necessary skill to defeat the feeder. When feed consumption is
high and the spillage can be measured, then the true feed consumption is

calculated. If, on the other hand, the spillage can not be reasonably
estimated, the result is omitted.

B. Problems Interpreting the Data

The ultimate goal of testing drugs in animals is to obtain infor-

mation for making predictive statements concerning a drug's effect in humans.
There are problems inherent to animal experiments, particularly in reproduc-

tion and teratology studies, which make this extrapolation especially diffi-

cult. After the data from a developmental toxicity study have been collected
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and analyzed statistically, it is necessary to determine both the signifi-

cance of defects on normal adult animals and the relevance of the defects
to humans.

When developing animals arc ,xamined at various times after treat-

ment, evidence of deviant development, as demonstrated by growth retardation,

malformations, intratterine death and functional defects, may be apparent.

These observations, however, do not provide information concerning the con-

sequences of these effects in the adult. Growth retardation, for example,

may be present in fetuses during a teratology study but may be absent in

the adult as a result of maturation and compensatory growth processes. A
delayed ossification of bones and the presence of extra ribs are examples

of defects which may be corrected during growth or present a problem of

questionable significance to the adult. The relevance of these defects to

normal growth are, in some cases, difficuilt t3 assess experimentally.

The variation between species in response to agents presents the

major obstacle to achieving the ultimate goal of any drug testing program.

These unique responses of species to agents may be due to metabolic and

pharmacokinetic factors.-O / The complexity o the animal system and degree

of interspecies variability increases during levelopment as a result of the

formation of a placenta and its influence on Irug transport, and a changing

embryonic sensitivity to drugs. The ability :o demonstrate developmental
toxicity, therefore, depends on biotrans3ormation of the drug by the mother.

placenta, or embryo; pharmacokinetic properties of the drug in the mother

and embryo; and embryonic sensitivity at the time of treatment.

VI. TERMINOLOGY 01' ANOMALIE 3

A. Gross Anomalies

I. Genera l

edematous - abnormal accumtlation of clear fluid under the skin
hematoma - a localized mass of extravasated blood that is rela-

tively or completely confined within an organ or tissue: not

as a result of cesarean section handling

immature skin - skin is sticky with a shiny appearance

2. Head

anophthalmia - absence of one or both eyes
brachygnathia - abnormal shortness or re,:ession of the mandibles

cranium, domed - excessively dored cranium suggestive of hydro-

cepha lus
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exencephalue - skull defective, the brain is exposed or extruded

eye, open - eyeball exposed with lids absent or withdrawn

lip, cleft - fissure in the lip, usually causing conjunction

of nasal passage and mouth

meningocele - skin intact, translucent, and elevated by a

fluid filled vesicle of meninges which protrude through a

midline defect in the cranium

meningoencephalocele - meninges and part of brain protruding

through a cranial defect to cause an irregular mass beneath

the skin

microphthalmia - small or rudimentary eyes

palate, cleft - fissure in hard palate, due to a failure of

the palatine shelves to unite

platycephaly - flatness of the skull

3. Trunk

anus, closed - (imperforate anus) anus closed by a membrane

so as to prevent the normal passage of intestinal contents

gastroschisis - protrusion of intestines and other abdominal

viscera through a ventral midline defect

kyphosis - convexity backward, dorsal-ventral curvature of

the spine

myelomeningocele - absence if the vertebral arches through

which the spinal cord and its membranes protrude, denoted

by a bubble-like bulge along the dorsal midline

rhachischisis - congenital fissure of the spinal column with

failure of the skin and vertebral column to close

spina bifida - absence of the vertebral arches through which

the spinal membranes, with or without the spinal-cord tissue,

protrude, denoted by a raw, usually bloody depression

umbilical hernia - protrusion of intestines through a small

ventral midline defect

4. Extremities

acaudate - no tail

adactyly - absence of digits

club foot - abnormal flexion of the foot
micromelia - rudimentary limbs

oligodactyly - fewer than five digits

polydactyly - more than five digits

syndactyly - fused or webbed digits

tail, short - tail is less than half the normal length
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